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Abstract
The purpose of this study was to explore the numeracy skills required for safe, quality nursing
practice. Using a descriptive mixed methods design, this study answered two research questions:
1) What numeracy skills do nurses perceive as important for providing safe, quality nursing care
in the first three years of practice?
2) How do nurses incorporate numeracy skills into daily patient care during the first three years
of practice?
Early career nurses from a not-for-profit health care organization in the mid-Atlantic region of
the United States (n=109) responded to an online survey tool developed by the student
investigator that ranked specific numeracy skills. Survey respondents were then recruited to
participate in detailed qualitative interviews (n=9). Both the survey and the interview guide were
developed by the student investigator and tested prior to data collection. Descriptive statistics
were generated for each survey item. The skills receiving the highest ratings included many
cognitive and affective skills and the ability to measure accurately. The skills receiving the
lowest ratings included the use of negative numbers, fractions, and graphs. Qualitative data from
free-response survey questions and full-length interviews were analyzed in a conventional
approach to content analysis. The five major themes emerging from the data were: 1) Attitudes
surrounding numeracy in nursing, 2) Practice and experience, 3) Using traditional nursing math,
4) Collecting and using data, and 5) Challenges and supports. The results of this study show that
numeracy is an integral part of nursing, but that changes are needed in the education of new
nurses and the design of electronic health record technology.
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Chapter 1: Introduction
In 2000, the Institute of Medicine published a report estimating that 1.5 million
Americans are injured in hospitals every year, totaling over $3.5 billion in additional health care
costs. Over 7,000 deaths annually are attributed specifically to medication errors, including
those committed by nurses (Institute of Medicine, 2000), while thousands of other deaths are due
to a failure to rescue patients from complications (Clarke & Aiken, 2003). A more recent
analysis published in the BMJ estimates that medical error is the third leading cause of death in
the United States (Makary & Daniel, 2016). Determining exact numbers is impossible with
current reporting practices, but the World Health Organization reports that medication errors are
a leading cause of avoidable harm across the globe (World Health Organization, 2018). One
contributing factor to these failures in care is nurses’ weaknesses in numeracy skills, such as
calculating dosages and analyzing data trends (Young et al., 2013). These same weaknesses are
barriers to success for many nursing students, as they cannot meet the mathematical competency
benchmarks required for progression in most nursing programs (Eastwood et al., 2011; Sulosaari
et al., 2015a).
In an effort to decrease medication errors, health care organizations have instituted
measures such as unit dose dispensing, automated dispensing cabinets, barcode scanning, and
independent double checks (Berdot et al., 2016; Institute For Safe Medication Practices, 2013;
Leape & Berwick, 2005). Despite these efforts, however, medication errors remain a leading
cause of harm around the world (Berdot et al., 2016; World Health Organization, 2018).
At the same time, there is a nationwide shortage of nurses and a push to streamline the
education of new nurses (American Association of Colleges of Nursing, 2017; Institute of
Medicine, 2010). The challenge for educators is that there is little guidance regarding which
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numeracy skills to emphasize in order to maximize the academic success of students and the
clinical safety of nurses (Pozzi et al., 1998; Wright, 2012). To improve the educational
preparation of nurses, nursing educators need to know which numeracy skills are most important
for practicing nurses.
The Issue
The issue that forms the basis of this dissertation is that nurses struggle with numeracy.
Numeracy can be defined as knowing when and how to use numbers or data to solve problems,
knowing what to do with numerical answers to questions, and being confident and comfortable
with the process (Coben, 2000; Coben & Weeks, 2014). Numeracy is not just “math.”
Various studies have measured specific aspects of numeracy, and nurses and nursing
students have both performed poorly. In a 2014 study, only 4% of registered nurses (n=124)
achieved a perfect score on a medication calculation exam administered during orientation to a
new position (Fleming et al., 2014). In a study of 44 nurses in the United Kingdom, the average
score on a medication calculation exam was only 40.8% (McMullan et al., 2010). Nurses also
struggle to correctly analyze and interpret data. For example, 28 pediatric nurses changed their
conclusions regarding trends in blood pressure depending on the visual representation used to
present the data (Hoyles & Noss, 2002).
Students also struggle. A study of 304 nursing students showed that only 19% of
participants reached the passing mark of 72% on a basic math test. Major weaknesses were with
decimals, formulae, fractions, and Système International (SI) units (Harvey et al., 2010).
Students also struggle with calculations such as rates, proportions, and percentages (Bagnasco et
al., 2016).
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This struggle with numeracy may not be specific to nursing, but there is evidence to
suggest it impacts nursing more than other health professions. Two studies compared nursing
students to peers in other health care programs. Nursing students performed significantly worse
than pharmacy students on a math exam, particularly on items with fractions, decimals, ratios,
and two-stage calculations (Arkell & Rutter, 2012), and also performed significantly worse than
medical students (Thompson et al., 2014).
In addition to poor numeracy skills, nurses frequently report negative attitudes towards
numeracy tasks, which affect ability. This is particularly visible in student nurses, who are
regularly assessed for competency. Nursing students report high anxiety and low self-efficacy
before math exams (Glaister, 2007; McMullan et al., 2012), and those negative attitudes are
correlated with lower scores on those exams (Glaister, 2005; McMullan et al., 2012; Røykenes &
Larsen, 2010; Tejada, 2011; Williams & Davis, 2016). Part of the problem surrounding
numeracy assessment is that it is often used as a condition for either progression in a nursing
education program or employment. This high-stakes testing contributes to negative attitudes
toward numeracy (Røykenes et al., 2014a). Another possible contributing factor is that nursing
educators express many of the same negative attitudes towards numeracy and report feeling
poorly prepared to teach those skills (Vitale, 2011). Students learn to reflect the attitudes of their
faculty, so the negative perceptions of numeracy are transmitted to future generations of nurses.
Without any formal preparation to teach numeracy skills, it is difficult for faculty to learn to
present those skills in a positive light.
Low levels of numeracy affect nurses both professionally and personally, but the focus of
this project is on patient care. Nurses with lower levels of numeracy have a decreased ability to
make decisions, interpret data, and communicate with patients (Peters, 2008, 2012). This leads
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to errors and oversight in patient care, including medication errors, failure to notice significant
changes in patient condition, and inadequate patient education.
Significance to Nursing
International organizations agree that numeracy is an important part of safe, quality
nursing care in medication management, patient monitoring, patient education, and quality
improvement (Institute of Medicine, 2000; The Joint Commission, 2008; World Health
Organization, 2018). One of the most visible ways nurses use numeracy skills is in medication
management. Unfortunately, current rates of medical errors are high. One in every ten patients
in the hospital in high-income countries is harmed, and nearly 50% of those adverse events are
preventable (World Health Organization, 2018). Unsafe medication practices and medication
errors are a leading cause of avoidable harm, with over 15% of hospital costs coming directly
from adverse events (World Health Organization, 2018). The most common medication error is
overdose, accounting for over 35% of all errors (Institute of Medicine, 2000; The Joint
Commission, 2008). Rates of medication errors are about three times higher in pediatric nursing,
likely because of the greater need for fractional dosing and the use of decimal points (The Joint
Commission, 2008).
These problems persist despite an initial call for action in 2000 (Institute of Medicine1,
2000) that has been echoed many times since (Institute For Safe Medication Practices, 2013;
Semple & Roughead, 2009). These numbers may also be grossly underestimated, as coding
systems do not include options for medical error or preventable harm. Instead, a medication
error that causes a fatal arrhythmia may be coded as a cardiovascular death (Makary & Daniel,
2016). Newer research estimates that at least 210,000 people die annually in the United States
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due to medical errors, though the true number is probably over 400,000 (James, 2013).
Numeracy, especially skills related to unit conversion and measurement, is an integral part of
preventing errors in medication administration (Coben et al., 2008; Wright, 2012; Young et al.,
2013).
Nurses also use numeracy skills in a variety of other nursing tasks, such as monitoring
intake and output, monitoring vital signs, using charting tools, interpreting lab data, and
communicating trends and changes to others (Cartwright, 1996; Dyjur et al., 2011; Hoyles &
Noss, 2002; Young et al., 2013). In fact, some argue that trending data is the very core of
nursing care (Meyer & Lavin, 2005). However, nurses struggle with concepts of trending,
variation, and modeling (Hoyles et al., 1999; Hoyles & Noss, 2002; Noss et al., 2002). In one
interesting study of 28 pediatric nurses, nurses struggled to see the correlation between age and
blood pressure because natural variation distracted them from the trend (Hoyles & Noss, 2002).
The ability to use graphs to correctly interpret data is a related numeracy skill, but because
graphical literacy is rarely assessed in health care, it is unclear how competent nurses usually are
(Lopez et al., 2016).
Nursing educators have been trying to improve numeracy skills in the profession for over
100 years (Carr et al., 1976), but the issue clearly persists. One of the challenges facing
educators is the quickly changing nature of nursing practice. Education practices are often based
on outdated ideas of what numeracy skills are required for safe, quality nursing care, so students
may be receiving education that does not match current practice needs (Crawford, 2015; Wright,
2012). To improve safety and quality in nursing care, we need a comprehensive understanding
of the numeracy skills that are most important for practicing nurses today.
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Because the overall purpose of this dissertation was to improve the educational
preparation of nurses for safe, quality practice, this study focused on nurses in their first three
years of practice. These Early Career Nurses (ECNs) still rely heavily on their educational
preparation and are less likely to rely on numeracy skills learned through advanced training than
nurses with more experience. They are also more likely to remember details about their
numeracy education, so they may be able to provide insight into changes that would improve the
education of future nurses.
Contribution of Study
The contribution of this dissertation is to help inform a comprehensive understanding of
numeracy in nursing. The literature provides some expert opinions on what numeracy skills are
needed for nurses, but these delineations are outdated and lack the perspective of working nurses.
The first attempt to create a comprehensive list of the numeracy skills needed to provide safe,
quality care (Pirie, 1987), though valuable, has become outdated since the advent of electronic
health records and the discontinuation of the apothecary system of measurement. The next list
created (Cartwright, 1996) was based on a single researcher’s audit of paper charts with no
description of research methods used to enhance credibility. The most recent attempt to
delineate numeracy in nursing was an updated version of Pirie’s taxonomy (Hutton, as cited in
Young et al., 2013). This was based on the opinion of the researchers and lacks input from
working nurses, and it has been categorized based on the health care system in the United
Kingdom, making transferability to other countries a challenge. Further, it fails to address the
new numeracy skills required to work with electronic health records. To facilitate the
development of numeracy in nurses, we need a current understanding of what skills are involved.

6

Study Purpose
The purpose of this descriptive, mixed methods study was to move beyond the current
focus on medication calculations and consider emerging skills to expand our understanding of
the numeracy skills needed for safe, quality nursing care. The current understanding of
numeracy provides an excellent starting point, but more work is needed to understand how
nurses use numeracy in everyday patient care and what skills educators should focus on in
education and practice settings. The purpose statement for this study was to explore the
numeracy skills required to provide safe, quality nursing care during the first three years
of practice.
Research Questions
The two research questions for this study were:
1. What numeracy skills do nurses perceive as important for providing safe, quality nursing
care in the first three years of practice?
2. How do nurses incorporate numeracy skills into daily patient care during the first three
years of practice?
Definition of Terms
The definitions that are central in this study are defined, both theoretically and operationally,
below.
In this study, Early Career Nurse (ECN) is used to refer to a registered nurse who has
been in practice for at least three months, but no longer than three years. These nurses have
completed basic orientation and provide direct patient care but have not moved beyond basic
competency.
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Mathematics is theoretically defined as “the science of numbers and their operations,
interrelations, combinations, generalizations, and abstractions and of space configurations and
their structure, measurement, transformations, and generalizations” (Merriam-Webster.com,
2019). In this study, it is defined as specific content within the larger construct of numeracy,
including numbers and their operations, including logic, quantity, shape, and arrangement.
Medication dosage calculation. There is no universally accepted definition of
medication dosage calculation, but in this study, it is defined as the use of mathematical
principles to convert a medication prescription from the ordered form (such as milligrams) into
the form used to actually dispense the medication (such as milliliters). Example: A physician
prescribes 125mg amoxicillin by mouth every 12 hours for a patient. Amoxicillin is dispensed as
a liquid that contains 250mg/5mL. The nurse converts the order and administers 2.5mL of
amoxicillin every 12 hours.
Numeracy is theoretically defined as being “competent, confident, and comfortable with
one’s judgments on whether to use mathematics in a particular situation and if so, what
mathematics to use, how to do it, what degree of accuracy is appropriate, and what the answer
means in relation to the context” (Coben, 2000, p. 35). In this study, it is defined as the
knowledge of when and how to use numbers or data to solve problems, the knowledge of what to
do with numerical answers to questions, and the confidence to comfortably engage with the
process.
In this study, numeracy skills are individual skills within the concept of numeracy, such
as addition, measurement, or data trending.
Safe, quality nursing care. Quality in health care has been theoretically defined as care
that is safe, effective, patient centered, timely, efficient, and equitable (Institute of Medicine
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(US) Committee on Quality of Health Care in America, 2001). Safety has been defined as “the
prevention of harm to patients” (Institute of Medicine (US) Committee on Data Standards for
Patient Safety, 2004). In this study, safe, quality nursing is care that minimizes harm and
optimizes health outcomes for the patient.
Summary
This chapter has introduced numeracy in nursing and highlighted its importance to safe,
quality nursing care. Past research has shown that nurses struggle with numeracy, but the focus
on medication dosage calculation limits our ability to generalize findings to all of numeracy. To
streamline the education of new nurses, educators need a better understanding of which
numeracy skills are most important in daily nursing practice. This study built on past research
by exploring the numeracy skills required to provide safe, quality nursing care during the first
three years of practice.
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Chapter 2: Literature Review
A review of current literature regarding numeracy in nursing reveals a heavy emphasis on
medication dosage calculation. Although this is an important part of nursing, it is not the only
way that nurses work with numbers or data. Much of the literature also takes an informal
approach, leaving many unanswered questions regarding research design, underlying
assumptions, and the design of assessment tools. In addition to medication management, there is
emerging literature regarding other numeracy skills in nursing, but these skills have not been
fully explored. This chapter provides a summary of current themes and an analysis of relevant
research studies found in the literature.
Databases used for the literature search included the Cumulative Index to Nursing and
Allied Health Literature (CINAHL), PubMed, and Google Scholar. The search initially included
publications from 2000 to 2019, and the following keywords were initially used in varying
combinations: nursing, nursing student, health care, numeracy, math, mathematics, competence,
calculation, medication error, and medication dosage. The initial publications were reviewed
for relevance, and the references sections of all relevant articles were reviewed for additional
sources. Any publication that received multiple citations was included in the literature review,
even if it did not meet the initial search criteria.
Focus on Medication Calculation
The major focus in the literature on medication calculation skills does not address the
scope of numeracy skills needed for quality patient care, such as measuring and monitoring of
patient data, interpreting variation and trends, communicating and understanding information
about research, and evaluating quality improvement efforts (Dyjur et al., 2011; Hoyles & Noss,
2002; Young et al., 2013). Conversely, medication management is not solely dependent on
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numeracy skills. In addition to numeracy skills, medication management also requires skill in
pharmacology, time management, obtaining a history, managing distractions, and manipulating
tools such as syringes and IV pumps (Adhikari et al., 2014; Coben & Weeks, 2014; GrandellNiemi et al., 2006; Sulosaari et al., 2012). Conflating medication management with numeracy
misses important aspects of both concepts.
Studies focused on numeracy surrounding medication management can be organized into
four categories. First are studies that attempt to measure the numeracy ability of nurses or
nursing students. Second are studies that explore related factors that may affect the numeracy
ability of nurses. Third are studies that evaluate the efficacy of different teaching interventions
designed to improve numeracy skills. Finally, a smaller number of literature reviews synthesize
past research regarding one or all of the first three categories.
Numeracy ability. Many articles attempt to quantify the numeracy ability of nurses,
whether by finding the average score on a numeracy assessment, determining the frequency of
different types of errors, or setting the level of minimum competence (Arkell & Rutter, 2012;
Bagnasco et al., 2016; Bayne & Bindler, 1988; Fleming et al., 2014). However, the tools used to
generate this quantitative data are rarely validated. Out of 11 studies that report numeracy ability
of nurses, only two (Bindler & Bayne, 1991; Blais & Bath, 1992) offer any information about the
validity or reliability of the instrument used. All of the studies discussed here focus specifically
on the aspects of numeracy that relate to medication dosage calculation.
The first study with a valid assessment (Bindler & Bayne, 1991) used a self-constructed,
norm-referenced tool evaluated for content validity (informal review only) and split-half
reliability (.82). This 20-item test used text-based questions to assess nurses’ medication dosage
calculation ability. In the sample of 110 nurses (a mix of experienced and newly graduated),
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43.6% scored below 70%, and 81% scored below 90%. IV rate calculation items had the highest
rate of error (Bindler & Bayne, 1991).
The second study to use a validated tool (Blais & Bath, 1992) used a 20-item dosage
calculation test that was reviewed for content validity and tested for split-half reliability (.92).
The 66 first-year nursing students who participated were given unlimited time, but were not
allowed to use calculators. Only seven students achieved a “pass” score (set at 90%). Faculty
review of student work suggested that 68% of the errors were conceptual, rather than
computational (Blais & Bath, 1992). The frequent appearance of the apothecary system in this
tool means that it is no longer a useful assessment of nurses’ abilities.
The nine other studies that sought to quantify nurses’ dosage calculation ability provided
no information regarding the validity or reliability of the assessment tools used (Arkell & Rutter,
2012; Bagnasco et al., 2016; Bayne & Bindler, 1988; Fleming et al., 2014; Harvey et al., 2010;
Jukes & Gilchrist, 2006; McMullan et al., 2010; Newton et al., 2009; Ridling et al., 2016), so
their findings should be taken with caution. If true, however, the data yield some interesting
trends.
An early study (Bayne & Bindler, 1988) tested 62 practicing nurses in Washington state.
The scores ranged from 20-100%, and only 35% achieved a score of 90% or higher. In 2014, a
study of 124 practicing nurses across five hospitals in Ireland found that the average score on a
medication calculation test was a 60%. Only 4% of the nurses achieved a perfect score (Fleming
et al., 2014). However, in the most recent study, 851 registered nurses from various pediatric
specialties had an average score of 92% (Ridling et al., 2016). These nurses took a similar test
each year as part of annual competencies, so they likely benefitted from the repetition of the task.
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Many studies assess nursing students instead of practicing nurses. Jukes and Gilchrist
(2006) used a short researcher-developed 10-item test to assess 37 second-year students in the
United Kingdom and found that the mean score was a 5.5/10, with a range of 0-9. In 2010, 304
first-year nursing students in Wales were given a test of pure math problems with no nursing
context. Only 19% of students achieved a “pass” score, defined as a minimum of 72%. Most
errors were found in problems involving decimals, formulae, fractions, and SI units (Harvey et
al., 2010). That same year, 229 second-year students in Britain were given an assessment based
on the screening tool used as a prerequisite for new Australian nurses (reliability data not
specified). The mean score for the students was a 54.8% on purely numerical questions and a
36.2% on dosage calculation questions (McMullan et al., 2010). Most recently, 726
undergraduate nursing students from all levels averaged a score of 21 out of 32 on a medication
calculation exam, with a range from 3-31. The most common weaknesses were multiplying
fractions, creating proportions, or calculating IV fluid rates in drops per minute. A common
strength was the use of factors of 10 (Bagnasco et al., 2016).
Overall, these studies found that both nurses and nursing students struggle with basic
numeracy skills, especially decimals, formulae, fractions, and SI units. However, the data should
be replicated using reliable, validated tools if it is to be used as the basis for further research or
interventions.
As a response to the frequent, high-stakes testing used in nursing education, some studies
have challenged the method of assessment used (Coben et al., 2008; Crawford, 2015; Dyjur et
al., 2011; Jackson & De Carlo, 2011; Polifroni et al., 2003). Two studies started by looking for
trends in assessment methods. In 2003, Polifroni, McNulty, and Allchin surveyed 318 stratified,
randomized schools of nursing to determine how mathematical competency skills were being
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validated at the institution. Most programs required high school algebra for admission, and 98%
tested math skills before allowing students to administer medications in clinical experiences.
These math tests were mostly created by nursing educators, not validated, and used as grounds
for dismissal from the program if a student performed poorly (Polifroni et al., 2003).
The second study to examine assessment practices surveyed 68 academic nursing
educators, 28 clinical nursing educators, and 32 staff nurses regarding the design and
implementation of medication dosage calculation assessments. Both schools and hospitals
largely create their own tests and allow the use of calculators. However, nursing schools usually
require students to memorize formulae and conversions, while hospitals usually allow nurses to
access these as reference materials (Crawford, 2015).
In recent years, authors have started to challenge these widespread assessment practices.
In 2008, a group from the United Kingdom (Coben et al.) evaluated the math assessments used
throughout a 3-year undergraduate nursing program. Analysis revealed poor, large confidence
intervals, and comparison to standards published for mathematics education showed poor item
construction. The use of the multiple-choice format was particularly weak, with distractors that
were unreasonable or even a repeat of the correct answer written in a mathematically strange
manner. “Correct” answers also included unrealistic numbers, such as 0.09mL of erythromycin.
The authors argued that, if these tests are going to be used as prerequisites for student
progression in nursing programs, they must be valid, reliable, realistic measurements of
numeracy (Coben et al., 2008).
In 2011, authors from Canada joined the call for reform (Dyjur et al., 2011). They argued
that individual math tests have little similarity to the skills required for safe nursing care. While
most programs require students to take text-based tests working alone, most nursing settings
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allow nurses to seek help from other nurses, pharmacists, or other members of the health care
team. Actual practice settings also require nurses to find all pertinent information, instead of
presenting it in a neat, written paragraph. Finally, nursing schools should consider other system
factors related to medication dosage safety, such as electronic health records, automated
dispensing cabinets, and distracting environments (Dyjur et al., 2011). Most recently, Wright
(2012) echoed the critiques of the previous authors, calling for more research to better
understand numeracy in nursing and the best ways to asses it.
Factors affecting numeracy. Due to concerns regarding the low numeracy skills of
nurses and nursing students, researchers have investigated possible factors contributing to a
person’s numeracy ability. The most commonly explored factor is a person’s attitude or selfefficacy regarding numeracy. A study of 97 second-year nursing students in Australia used the
Computer Attitude Scale, Aiken-Dreger Mathematics Attitude Scale, the Mathematics Test
Anxiety Rating Scale, and a researcher-developed numeracy assessment tool (reviewed for
content validity, Cronbach’s alpha of .95) to determine the relationship between attitude and
ability. Both math anxiety and computer anxiety were found to be negatively correlated with
medication dosage calculation scores (Glaister, 2007). In 2009, 123 nursing students were
assessed for nursing self-efficacy for mathematics (using the NSE-math tool) and medication
dosage calculation competency. A high or low NSE-math score predicted a corresponding score
on the medication dosage calculation exam (Andrew et al., 2009).
In the United Kingdom, 186 first-year nursing and 70 first-year pharmacy students were
assessed for calculation competence and confidence using a researcher-developed tool. The
nursing students expressed low confidence and did poorly, while pharmacy students expressed
greater confidence and did well (Arkell & Rutter, 2012). In the same year, a study of 229
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second-year nursing students showed that higher anxiety and lower confidence correlated with
poor numerical and medication dosage calculation ability (McMullan et al., 2012).
The trend remains the same in other countries. In Norway, two studies encompassing
over 300 nursing students showed that a positive attitude predicted a higher score on a
medication calculation test and that higher anxiety predicted a lower score (Røykenes et al.,
2014a; Røykenes & Larsen, 2010). In Italy, a study of 726 undergraduate nursing students found
that self-efficacy positively correlated to scores on a medication calculation exam. Finally, a
scoping review of six articles showed that anxiety and self-efficacy both have some influence on
medication dosage calculation errors (Williams & Davis, 2016), though these studies use
researcher-developed tools that lack rigorous reliability testing.
Although there is a focus on attitudes towards numeracy, some studies show the impact
of other factors. Both a study of 229 British nursing students (McMullan et al., 2010) and a
study of over 650 Finnish nursing students (Sulosaari et al., 2015b) showed that older students
performed better on medication dosage calculation exams. A study of 126 nursing students in
Michigan showed that higher reading ability correlated to higher medication calculation scores
(Newton et al., 2010). Finally, an ethnographic study of 12 nurses showed that nurses
demonstrated impressive abstract reasoning and calculation ability when working with familiar
situations, but seemed to lose that expertise when faced with new, unfamiliar contexts involving
the same numeracy skills (Noss et al., 2002).
Efficacy of teaching interventions. In an effort to address the weaknesses found in
nurses’ numeracy skills, nurses have tested a variety of education interventions. These studies
suffer from many of the same weaknesses, which will be addressed collectively at the end. The
most common interventions are some type of active learning, whether it be self-directed review
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materials, group work, or experiential teaching. For example, two case studies (Dexter &
Applegate, 1980; Dray et al., 2010) suggest that sending self-directed review materials to
students before the beginning of the program or semester can positively impact student
performance on required math assessments.
Other examples include a 2007 study that used small group, seminar style education
focused on improving conceptual understanding rather than memorizing procedures. This pretest/post-test design with 71 second-year nursing students showed significant improvement in
students’ abilities, but there were still only two students who achieved a perfect score on the
exam (Wright, 2007). A study of 28 nursing students in a pharmacology class in Puerto Rico
using a crossover design showed that cooperative learning facilitates the learning of dosage
calculation skills and the development of self-efficacy (Tejada, 2011). Finally, a 2017 pretest/post-test study of 76 nursing students showed that experiential learning was more effective
than traditional methods (Hurley, 2017). However, this study provides no information regarding
the construction or validity of the test used, and the researcher taught only the experimental
group, creating significant bias.
Only one study addresses the faculty perspective of teaching numeracy skills to nursing
students. In a qualitative descriptive study of 16 nursing faculty, Vitale (2011) explored the
teaching efficacy of nursing faculty who teach medication dosage calculation. The two major
themes from this study were that faculty are affected by their own past experiences with math
and that they do not feel prepared to teach medication dosage calculation. Faculty desire more
training and guidance regarding ways to improve their own confidence and best practices for
teaching numeracy skills to nursing students (Vitale, 2011).
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Literature reviews. Over the past decade, several authors have attempted to synthesize
the literature from one or more of the previous themes to provide recommendations for
improving the numeracy skills of nurses. Jones (2009) focused specifically on ways to reduce
medication errors in practice. The review indicated that medication errors are caused by a
combination of personal and systemic factors, including poor medication calculation ability, poor
adherence to protocol, and distraction. She recommended trying new methods of teaching
medication calculation to nursing students (Jones, 2009). When addressing the issue in a review
of 33 articles, however, Wright (2010) found that current research regarding the causes of errors
relies mostly on self-report or indirect data. She concluded that we have insufficient data to
make informed decisions and need to conduct further observational research (Wright, 2010).
Most recently, Berdot et al. (2016) synthesized data from seven studies to evaluate the impact of
common interventions used to reduce errors in medication administration (such as automated
dispensing systems). Their analysis found that all current studies are unblinded, subject to bias,
and fail to show significant reduction of errors. They argued that this analysis emphasized the
importance of teaching nurses to administer medications safely without relying on technology or
other tools as a safety net (Berdot et al., 2016)
Finally, two literature reviews explored education strategies for teaching numeracy skills
to nursing students. Hunter Revell and McCurry (2013) conducted a content analysis of 51
articles regarding medication dosage calculation in nursing programs and found four major
themes. First, student challenges to learning include anxiety, negative previous experiences, and
lack of contextual understanding. Second, traditional pedagogies include discussions of ratio and
proportions, formulae, dimensional analysis, and whether or not calculators should be allowed.
Third, curriculum-based strategies for improvement include modifying assessments, providing
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remediation for students, and maintaining consistency in teaching methods. Finally, newer
integrative methods of pedagogy include technology such as videos and online software (Hunter
Revell & McCurry, 2013). In an integrative review of 20 articles, Stolic (2014) found that there
is a wide variety of teaching methods, and that students performed better on assessments if they
learned using technology, psychomotor techniques, or a blend of techniques.
Weaknesses found in literature. Despite the abundance of experimental studies
regarding medication calculations, most studies lack scientific rigor due to use of assessment
tools that lack validity and reliability. Most studies that attempt to measure numeracy in nurses
relied on math tests, or at best, medication dosage calculation tests (for examples, see Arkell &
Rutter, 2012; Hurley, 2017; Jukes & Gilchrist, 2006; Newton, Harris, Pittilgio, & Moore, 2009).
In addition to only focusing on a narrow piece of numeracy, most of these tests are written by
nursing educators for daily use and have never been subjected to psychometric analysis (Coben
et al., 2008; Wright, 2012). These tools are also based on word problems, which lack
authenticity and fail to recreate the contextualized nature of numeracy in nursing (Newton et al.,
2010; Weeks et al., 2013; Zahara-Such, 2013). In order to fairly, accurately assess numeracy
skills, we need a comprehensive understanding of what numeracy in nursing involves. From
that, we can start to create valid, reliable tools for assessment in education, practice, and
research.
Past Attempts to Describe Numeracy in Nursing
There were four past attempts to describe the numeracy skills needed for safe, quality
nursing care, but each had limitations that constrained its applicability to today’s nurses. The
first attempt to create a comprehensive list of the numeracy skills for nurses was created in the
United Kingdom over 30 years ago (Pirie, 1987). The “Taxonomy of Maths for Nurses” was
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built based on informal questioning of nurses, reading nursing textbooks, and testing nurses to
see where weaknesses arose. Although it has been valuable as a starting point for further
conversation and research, it lacks rigorous scientific basis. It is also outdated, as it still includes
the apothecary system of measurement and does not consider electronic health records. The
apothecary system (which includes units such as drams and grains) has been replaced by SI units
across the world, and calls for universal use of electronic health records began as early as 1992
(Ornstein et al., 1992).
The next listing of numeracy skills for nurses was created through a dissertation by
Roberts (1990). Using a Delphi technique, Roberts surveyed groups of experts in nursing
education to synthesize a framework of calculations for nursing. This study has two main
weaknesses. First, it lacks the perspective of practicing nurses. Second, it focuses solely on
calculation skills and ignores skills involving data management, statistics, and measurement.
Cartwright (1996) was the next author to attempt the task. However, the study used a
very informal approach and lacked rigor or credibility. Working independently, Cartwright
reviewed an unspecified number of patient charts and identified instances of counting,
measuring, or computation that would be needed to “complete” the chart (p. 139). There was no
description of how these items were identified, how the charts were chosen, or if anyone else
agreed with the author’s conclusions. She also asked nurses questions about their work, but
there was no record of the questions or the answers. With such a limited description of the
research design, the study does not provide strong value.
Finally, the most recent attempt to delineate numeracy in nursing was an updated version
of Pirie’s taxonomy (Hutton, as cited in Young et al., 2013). Hutton’s dissertation is not
published, but it is reported that the main change from Pirie and Roberts’ work was the
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categorization of skills based on the four branches of nursing in the United Kingdom (child,
adult, mental health, and learning disability). However, this categorization adds confusion for
nurses in other countries with different health care systems. The individual skills listed are not
significantly different from Pirie’s list, but the examples included have been updated to reflect a
transition to SI units and widespread use of calculators.
All of these past attempts to delineate numeracy for nursing also lack information
regarding the relative importance of each skill. For nursing educators trying to address
challenges in both practice and education in a timely manner, some indication of where to focus
the most time and energy would be most helpful.
Other Numeracy Skills
Other numeracy skills are starting to gain more recognition in the nursing literature, but
they are not new skills. For example, Pirie wrote, “Recording and interpreting graphs is an
important part of every nurse's work" (Pirie, 1987, p. 31), but these skills are still not commonly
assessed (Lopez et al., 2016). Other skills appearing in the literature include creating
mathematical models, such as in pharmacokinetics (Hoyles et al., 1999), distinguishing between
random variation and meaningful change (Clarke & Aiken, 2003; Matthes et al., 2007; Meyer &
Lavin, 2005), and estimation (Gillies, 2004; ISMP, 2013). Statistics courses have been included
in graduate education for nurses for many years, but recent work calls for an emphasis on
understanding statistics at any level of nursing (Hoyles & Noss, 2002; Peters, 2012).
Summary
The current understanding of numeracy provides an excellent starting point, but more
work is needed to understand how nurses use numeracy in their everyday care and what skills
educators should focus on in education and practice settings. Past research suggests that nurses,

21

both in school and in practice, struggle with numeracy skills. These skills include both widely
acknowledged medication calculation skills and less discussed skills such as measurement and
data trending. Attitudes also affect numeracy ability, and many nurses and nursing faculty
express negative attitudes and anxiety related to numeracy. In order to provide guidance to
educators as they attempt to increase numeracy skills in nurses, past researchers have attempted
to create lists of numeracy skills necessary for nursing practice. However, these past attempts
are missing key skills and information needed for today’s nurses.
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Chapter 3: Theoretical Framework
A useful theoretical framework for this study is the conceptual framework of numeracy
created by Ginsburg, Manly, and Schmitt (2006). This is a synthesis of 29 frameworks from
across the world and is created specifically to help all stakeholders to increase numeracy in
adults. Although it is not specific to nursing, this framework provides a structure on which to
build research instruments and provides a starting point for the discussion of results. The
framework contains three major components, Context, Content, and Cognitive and Affective,
with substrands under each. The National Research Council first used the visual of a braid to
represent mathematical proficiency (2001), but I have adapted the idea to fit the conceptual
framework presented here (Figure 1). The framework is discussed in more detail in this chapter.

Figure 1
The main components and substrands of numeracy.
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Context
The context of numeracy refers to the reasons for using numeracy. The four categories of
context are family or personal (consumer finance, bills, hobbies), workplace (on-the-job tasks,
job-related training), community (citizenship, politics, environment, crime), and further learning
(further education or research within your field). Although numeracy is necessary for all four
contexts, the focus of this project is workplace numeracy, specifically in nursing.
Content
The content of numeracy refers to specific mathematical knowledge and skills. To be
numerate, a person needs to have both a wide variety of skills and a deep understanding of each
skill. The authors use the term “strand” to describe these categories to emphasize the
intertwining nature of these skills.
Number and operation sense. This refers to general arithmetic sense and includes an
intuitive understanding of how numbers work. Understanding percentages and proportions, and
understanding relative size of numbers and place values also fall in this strand. For example, a
nurse understands that a kilogram is 1000 times larger than a gram and that 4.356kg can
therefore be written as 4365g. This intuitive understanding of numbers allows people to use
mental math, either to find an exact answer or to estimate a value. For example, if a patient who
weighs 81kg loses 7.9kg, a nurse may not know the exact percentage of body weight loss, but
can estimate that it is just under 10%.
Patterns, functions, and algebra. This strand involves the use of models to represent
relationships and analyze change. This is most often used in health care to predict outcomes or
compare competing options. For example, insurance plan A has a $50 weekly premium and $20
copays, while insurance plan B has a $20 weekly premium and $40 copays. A comparison of the
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two functions reveals that plan A is better for someone who requires frequent office visits, while
plan B is better for someone who rarely visits a health care provider. As another example, if a
patient’s blood glucose level drops from 800 to 600 to 500 to 450, the numerate nurse can
analyze the rate of change and see that it is leveling off over time.
Measurement and shape. This strand includes ideas from geometry as well as units of
measure, scaling, approximations, direct measurements, indirect measurements, volume, and the
coordinate plane (graphs). For example, nurses use skills in this strand when measuring height,
weight, or urine output, when using height and weight to calculate body mass index, and when
using a growth chart to track a child’s growth.
Data, statistics, and probability. This is the most commonly encountered strand. It
involves the ability to interpret data, assess claims, and make decisions. With the advent of
electronic health records, nurses have access to an ever-increasing wealth of data regarding
individual patients, hospital units, and entire health care systems. However, that data can be
easily manipulated and misrepresented, or more commonly, data can be ignored because the
sheer volume of information is overwhelming. Nurses must be careful consumers of information
who are able to collect, organize, and interpret data.
Understanding probability and chance, such as risk ratios, is also included here. Risk
ratios are used when weighing the risks and benefits of treatment options. For example, if an
experimental treatment shows a high risk of adverse effects and a small risk of cure, it is not
likely to be approved for use in patients.
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Cognitive and Affective
The cognitive and affective aspect of numeracy refers to the processes used to solve
problems and serves as a link between the content and the context. For that reason, there is some
overlap with the other components, but this component has a unique approach.
Conceptual understanding. This is the ability to understand how math works and make
sense of a problem. It is not merely the ability to do calculations, but is a deeper understanding of
what is going on and why the calculations work. This enables estimation and finding alternate
ways to find a solution. For example, consider a nurse who needs to administer 10mg of a
medication out of a single-dose vial that contains 15mg in 5mL. If the nurse has merely
memorized a procedure for dosage conversion (such as the nursing formula or dimensional
analysis), the nurse most likely relies on something to write with and a calculator to complete the
10𝑚𝑔

conversion, which will look something like this: 15𝑚𝑔 × 5𝑚𝐿 =

50
15

𝑚𝐿 = 3. 3̅𝑚𝐿.

A nurse with a firm conceptual understanding of the procedure, however, can use a
variety of mental procedures to reach the correct answer. One possible procedure is to recognize
that 10mg is 2/3 of 15mg, so the correct administration amount must be 2/3 of 5mL. This is not
a readily known number, but because 5 is half of 10, we know that 2/3 of 5 is equal to 1/3 of 10,
or 3. 3̅𝑚𝐿. This feels convoluted when written out in text, but for someone who understands the
underlying numerical principles, it eliminates the need for any kind of assistive device. Even if
the nurse chooses to use a calculator to solve the problem, a firm conceptual understanding
allows for a quick mental estimation to ensure that the answer supplied by the calculator makes
sense in the context of the calculation.
Adaptive reasoning. This is logical thinking about relationships. It involves knowing
why shortcuts work and facilitates communication about math. It also enables finding fallacies
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in someone else’s work. Adaptive reasoning is demonstrated in the example above, when the
nurse uses the comparison of 5 and 10 to facilitate mental division. It is also useful when two
nurses get two different answers for the same calculation and need to determine where the error
lies. Although many people do not realize that basic logic is considered part of numeracy, it
forms the basis of this strand.
Strategic competence. This is problem-solving ability, or the ability to identify useful
information and processes. It involves using math to represent or model situations appropriately,
and includes considering nonmathematical factors such as time, consequences of decisions, or
human factors. An example of this would be a nurse completing a dressing change who weighs
the old dressing, then subtracts the weight of an equivalent dry dressing to determine the quantity
of drainage on the dressing. However, it would also be considered strategic competence to
recognize when an exact number is not required and “moderate drainage” is good enough.
Procedural fluency. This is the ability to use the above skills to actually solve a
problem, check for reasonable and meaningful answers along the way, and then communicate
about the problem. This might involve the use of mental math, estimation, calculators, other
technology, or handwritten techniques. In nursing, this might be using a calculator to convert a
dosage, using an electronic health record to find a patient’s fluid balance over the past 24 hours,
or using statistics software to determine whether a change in the falls rate is statistically
significant.
Productive disposition. Finally, a productive disposition is an emotional willingness to
take on the problem and to persevere if it becomes confusing or difficult. It involves beliefs
about oneself (“I can do this”), attitudes towards math (“Math is important”), and emotions in the
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moment (“I feel confident about this answer”). Past experiences with numeracy play an
important role in shaping this disposition.
Utility of Framework
This framework is ideal for this project because it ensures a comprehensive exploration
of all of the numeracy skills required for safe, quality nursing care. It captures all currently
hypothesized aspects of numeracy in nursing, including medications, data trending, and risk
analysis, but also includes other aspects that have not been explored in nursing. This framework
provides a structural foundation for the instruments used for data collection in this project and a
conceptual framework for the discussion of results.
Summary
The theoretical framework for this study is the framework of numeracy created by
Ginsburg, Manly, and Schmitt (2006). The basic structure of the framework is:
1. Context
a. Family or personal
b. Workplace
c. Further learning
d. Community
2. Content
a. Number and operation sense
b. Patterns, functions, and algebra
c. Measurement and shape
d. Data, statistics, and probability
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3. Cognitive and Affective
a. Conceptual understanding
b. Adaptive reasoning
c. Strategic competence
d. Procedural fluency
e. Productive disposition
For a visual representation, see Figure 1 above.
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Chapter 4: Methods
This chapter details the research methodology for this study. Using a descriptive mixed
methods design, this study used both quantitative and qualitative survey data and qualitative
interviews to explore the numeracy skills important in safe, quality nursing practice. After
reviewing the research questions, this chapter will discuss study design, setting, sample, data
collection, data analysis, and ethical considerations.
Research Questions
The two research questions for this study were:
1. What numeracy skills do nurses perceive as important for providing safe, quality nursing
care in the first three years of practice?
2. How do nurses incorporate numeracy skills into daily patient care during the first three
years of practice?
Design
This dissertation used a descriptive mixed methods design, specifically a mixture of
convergent parallel and explanatory sequential designs (Creswell, 2015; Decuir-Gunby &
Schutz, 2017). For a visual representation of the study design, see Appendix A. The first step of
data collection was an online survey that collected both quantitative and qualitative data in
parallel. Preliminary results from both the quantitative and qualitative portions of the survey
were then used to generate an interview guide for the second stage of data collection, namely indepth qualitative interviews. In this second stage, participants were asked to respond to main
themes in the survey. Qualitative data from both the survey and the interviews were combined
into a final qualitative analysis, while the quantitative data from the survey were analyzed
separately. Both qualitative and quantitative results are considered in the discussion.
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This was the best approach to answer the research questions because the quantitative
survey data provided a clear, concise overview of early-career nurse responses to a wide variety
of items covering the full span of the concept of numeracy (Ginsburg et al., 2006), while the
qualitative free-response and interview data allowed for a deeper look into the thoughts and
experiences of early career nurses to help expand and explain the results of the survey. The two
approaches also helped triangulate the results. Collecting data via multiple methods and sources
increases credibility (Creswell & Poth, 2018; Decuir-Gunby & Schutz, 2017).
Setting
The setting for this project was a not-for-profit health care organization in the midAtlantic region of the United States. The organization includes about 800 inpatient beds and
dozens of outpatient clinics, employing over 2,000 nurses. The hospital has Magnet designation,
a Level II trauma center, a Level III NICU, and multiple residency programs. This was a good
setting for the project because the wide variety of specialties and the reputation for quality care
provided a variety of credible perspectives. Also, early career nurses are attracted to Magnet
designated hospitals (Blegen et al., 2017), increasing access to the target population. The
institution was a clinical partner for the educational program where the student investigator used
to teach, so the student investigator had an established trust and relationship with the nurses and
was welcomed. However, the student investigator did not work there, thus avoiding potential
power differentials and better preserving the anonymity of the participants.
Institutional Review Board (IRB) approval was obtained from the student investigator’s
home university with secondary support from the health care system prior to any study
recruitment. See Appendix B for the approval letters. The Nursing Research committee at the
health care system also endorsed the project and facilitated participant recruitment.
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Sample
Sampling method and recruitment. Inclusion factors were being employed as a
registered nurse, practicing for more than three months but less than three years, and practicing
in acute care, rehabilitation, or urgent care. Exclusion factors included being employed in a role
other than a registered nurse, practicing for less than three months or longer than three years, and
practicing in primary care. The first two factors helped maintain the focus of the study on
facilitating the education of new registered nurses by limiting the sample to ECNs who have
completed a typical orientation period. Nurses who have been working longer than three years
may presumably be using numeracy skills learned in further education, on-the-job training, or
simply from greater experience, which could have skewed the data.
For the survey, convenience sampling of registered nurses working at the setting was
used. As mentioned, the setting provided a wide variety of perspectives within one institution.
Random sampling across a variety of institutions across the country would have allowed for
better generalization, but was prohibitive due to cost and time concerns. For the interviews,
volunteers were initially recruited with a question on the survey. However, the last few
interview participants were recruited by asking nurse managers to encourage individuals from
the pool of survey participants to volunteer.
Recruitment strategies included emails to eligible nurses, physical flyers on nursing units,
and word of mouth. Nurses were pre-notified via email, flyers, and floor huddles at two weeks
and one week before the survey was deployed. They then received the survey and three
reminders via email, at 72 hours, 7 days, and 10 days out (Creswell, 2012). The survey remained
open for six weeks. Small incentives were provided using grant funding. Each survey
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participant had the opportunity to enter a drawing for one of 16 Visa gift cards, ranging from $10
to $25. Each interview participant received a $10 Visa gift card.
Size and justification. For the survey, the target sample size was at least 60 participants.
Because this study involved the deployment of a new survey, power analysis was not an
applicable method of determining sample size (Fowler, 2012). Factor analysis was not
performed on the instrument, so standard subject:item ratios were not applicable, either
(DeVellis, 2017). Many studies evaluating new tools do not specify an a priori method of
determining sample size, and there seems to be a lack of consensus on appropriate methods for
doing so (Anthoine et al., 2014). Instead, the sample size for this survey should allow
calculation of simple descriptive statistics (H. Song, personal communication, October 16, 2019),
and most experts recommend a sample size of 50-100 participants for a new, untested survey
(Czaja & Blair, 2011; Fowler, 2012; Rothgeb, 2008). The target sample size of 60 allowed for
participants to skip a few questions while still maintaining the minimum of 50 for each item. For
the qualitative interviews, the goal was to reach saturation, not a specific number of participants
(Streubert & Carpenter, 2011). However, experts recommend planning for 10-20 participants in
this type of research (Creswell, 2015; Richards, 2009), while similar studies in the past have had
sample sizes ranging from 8-24 (Gillies, 2004; Hoyles et al., 2001; Mackie & Bruce, 2016;
Marks et al., 2016; Vagliardo, 2008; Vitale, 2011).
Data Collection
After obtaining IRB approvals, the first stage of data collection was to deploy an online
survey tool. The data generated were then used to create an interview guide for use in the indepth qualitative interviews that comprised the second stage of data collection. Interviews were
transcribed to facilitate content analysis. All data was stored on a secure hard drive with
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password protection and will be maintained for a minimum of five years. Additional detail
regarding each step of data collection can be found below.
Instruments. There were no existing instruments to aid in data collection for this study.
The literature review section provided an overview of previous tools used and their limitations.
Both a survey and an interview guide were created for this project. Because nurses report
negative attitudes towards math (Røykenes, 2016; Vitale, 2011), and because people often do not
see the mathematics inherent in their everyday activities (Hoyles et al., 1999), instruments
avoided words like “math” and instead focused on “working with numbers” or “using data.”
Survey. The survey collected both quantitative and qualitative data. For the quantitative
section, items asked nurses to rank the importance of specific numeracy skills on a numeric scale
from 1 (Not at all important) to 4 (Very important). These items were based on the extensive
literature review found in chapter 2 and were organized using the conceptual framework of
numeracy from Ginsberg, et al. (2006). The survey also collected basic demographics, such as
age, gender, years of experience, and practice area. To facilitate responses, the target reading
level was below a Flesch-Kincaid reading level of grade 7 (DeVellis, 2017), and the actual
reading level was grade 6.7.
Initial drafts of the survey were reviewed by the dissertation committee members, and to
further facilitate validity of the quantitative items, expert review was conducted. Experts
recommend that at least five reviewers are used (Davis, 1992). This survey was reviewed by six
experts: two math experts familiar with numeracy in nursing, two nursing experts familiar with
numeracy, and two nurses with expertise in scale development. Each reviewer was asked to map
each question to the theoretical framework to see if mapping agreed with the student
investigator’s intention. They were also asked to rate the relevance of each item to the overall
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construct of numeracy (DeVellis, 2017; Waltz, Strickland, & Lenz, 2017). After all responses
were collected, the Content Validity Index (CVI) was calculated for each item and for the
instrument overall. Any item with a CVI of less than 0.78 was reviewed and revised (Polit et al.,
2007); the CVI for the survey overall was 0.91, exceeding the minimum recommendation of 0.8
(Davis, 1992; Polit et al., 2007). See Appendix C for a summary of all expert feedback. After
all revisions were made, the tool was returned to the experts for final review, resulting in no new
changes.
Reliability was more difficult to ensure because the tool was designed to measure the
relative importance of a variety of skills, not to measure a single construct. Cronbach’s alpha
was not appropriate because the scale was not designed to have correlations between items, but a
variation of test-retest reliability was used to ensure stability. The survey was administered
twice to a group of 31 registered nurses who met the inclusion criteria for the study, except that
they worked at different health care organizations in the same region of the country. This
ensured that the test-retest sample was as similar to the study sample as possible without
eliminating potential participants from the actual study site. The sample size of 31 nurses was
adequate to calculate a basic Pearson product-moment correlation for each item (Kirk, 2007).
Each administration had the items in differing, random orders. This helped to ensure that item
order and fatigue had no significant effect on item response. All items had a coefficient of at
least 0.7, so no revision was needed (DeVellis, 2017). The coefficient for the survey overall was
0.77. See Appendix D for a full list of item coefficients.
The qualitative portion of the survey included free-response questions that asked for
further thoughts about the use of numeracy in nursing practice, skills that the survey missed, and
why the highest rated items were so important. The last question of the survey redirected
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participants to a separate survey asking participants to provide their contact information if they
were willing to participate in an interview.
The online survey tool Qualtrics XM2 was used to deploy the survey. A paper copy is
provided in Appendix E. An email explained the study and its importance, then asked
participants to click on the link if they were interested in learning more. Informed consent was
built into the welcome page of the survey.
After reading the informed consent, participants were given the option to click to agree,
then proceed to the demographics section of the survey. The item asking for years of experience
contained branching logic so that any nurse who had been working for under three months or
over three years was not able to complete the survey. Qualtrics generated a specific, anonymous
link for each nurse in the setting so that no participant could submit duplicate results. This also
facilitated tracking and recruitment, while maintaining complete anonymity of participants.
Because all reminders were automated by the Qualtrics system, the student investigator had no
way of knowing who had completed the survey.
Interview guide. A semi-structured interview guide was created to facilitate participant
interviews. This added depth and detail to the information obtained in the survey. Although
questions were intentionally broad, participants received a copy of the Ginsburg et al. (2006)
numeracy framework to help stimulate rich discussion. Participants were asked to share their
understanding of numeracy in nursing, their perception of important skills, and their use of
numeracy in patient care. Questions explored context, content, and cognitive and affective
abilities (Ginsburg et al., 2006). There were five broad questions, with three more specific
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The survey data for this study was generated using Qualtrics software, Version XM of Qualtrics. Copyright © 2020
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questions based on the survey, such as explaining why they thought certain skills were rated so
high or so low. Questions included prompts to obtain negative cases or disconfirming evidence
to increase credibility and clarity (Creswell & Poth, 2018). For example, participants were asked
to describe a skill they were told they needed for nursing practice but never use. See Appendix F
for a copy of the interview guide.
Interviews were conducted via telephone to minimize infection risk during the global
COVID-19 pandemic. After obtaining informed consent and consent to record, interviews were
conducted in a quiet, private place to protect privacy and facilitate recording. Interviews were
audio recorded with minimal note-taking during the conversation (such as notes to facilitate
further questions or to note tone), following best practices for interviews (Boyce & Neale, 2006;
Knox & Burkard, 2009).
Interviews were then transcribed by the student investigator, allowing for a simultaneous
first review of the data. Although member checking was used after preliminary analysis,
participants were not asked to verify the integrity of the transcription, as this was verified from
the recordings (Creswell & Poth, 2018; Richards, 2009).
Qualitative Rigor. The framework provided by Lincoln and Guba (as cited in Richards,
2009) helped facilitate the qualitative rigor of this study. To improve credibility, this study used
prolonged engagement with the subjects, method and data triangulation, negative cases, diversity
of voices, and member checking. To increase transferability, thick description provided full
context. To improve dependability and confirmability, the student investigator maintained
quality records and detailed notes, while the dissertation committee provided peer review and
was able to perform audits at any time. Finally, to improve reflexivity, the student investigator
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acknowledged any pre-existing biases and kept reflexive notes during data collection and
analysis.
Data storage and integrity. The online tool used to deploy the survey prevents duplicate
submissions of responses and stores responses on a secure server. Any volunteered contact
information was not connected to other survey responses to protect privacy. No other identifying
information was collected. Any data downloaded for further analysis was stored on a password
protected hard drive without any identifying information attached.
For the interviews, participants were assigned an alias for data storage and analysis, and
care was taken to avoid using any quotes or descriptions that could lead to the identification of
participants. All recordings, notes, and transcriptions were stored electronically on a password
protected hard drive with any identifying information removed.
Data Analysis
The data analysis procedures for the quantitative and qualitative portions of the study are
presented below. Results of the analyses are discussed in the next chapter.
Quantitative. The online survey tool generated descriptive statistics, including mean,
median, range, and standard deviation for each item, and particular notice was taken of any items
that received especially high or low ratings. Preliminary results were used to guide the
qualitative interviews. For example, the use of negative numbers received a particularly low
average rating, so interview participants were asked to discuss the potential reasons behind the
rating.
Qualitative. The software tool NVivo (NVivo qualitative data analysis software; QSR
International Pty Ltd. 2020) was used to assist with the content analysis of free-response survey
questions and transcripts of interviews. A conventional approach to content analysis was used
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(Hsieh & Shannon, 2005; Sandelowski, 1995). A directed approach would also have been a
possibility (based on previous taxonomies), but the conventional approach allows the voice of
the nurses to come through without the filter of the previous experts. After a preliminary
analysis of the interviews was complete, member checking was conducted with the interview
participants via email (Creswell, 2015).
Combined. Finally, both quantitative and qualitative data were combined in the
discussion of the results. The results of the study are discussed in the following chapters using
the context of the conceptual framework of numeracy and are compared to previous taxonomies
of numeracy skills in nursing.
Ethical Considerations
Recruitment for the study did not commence until all appropriate IRB approvals were
obtained. All participants were provided with information regarding the purpose and importance
of the study, and informed consent was obtained before data collection. Participation was
entirely voluntary, and all data has been stored securely and with identifying information
removed.
Limitations
The limitations for this study include the restricted sample and the use of a new survey
tool. Random sampling across a variety of institutions across the country would allow for better
generalization, but was prohibitive due to cost and time concerns. Further evaluation of the
validity and reliability of the survey tool will increase its utility for future research, but the pilot
testing included in this study will allow for basic analysis of the data.
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Summary
This dissertation used a descriptive mixed methods design, specifically a mixture of
convergent parallel and explanatory sequential designs, leveraging both a high-level quantitative
understanding of early career nurses’ perceptions of numeracy skills in practice and a rich,
detailed qualitative understanding of how those skills are used and understood. The quantitative
data were obtained from an online survey that asked nurses to rate the importance of individual
numeracy skills. The survey was subjected to expert review and test-retest evaluation to
facilitate validity and reliability. The qualitative data was obtained from free-response survey
questions and full-length interviews. Measures to facilitate qualitative rigor included
triangulation of data and methods, member checking, and quality record keeping. Quantitative
and qualitative data were analyzed separately, and the findings were synthesized in the
discussion section, using the theoretical framework as a basis for the discussion.
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Chapter 5: Results
The purpose of this study was to explore the numeracy skills required to provide safe,
quality nursing care during the first three years of practice. This chapter provides an overview of
the results of the study, including a description of the participants, a summary of the survey
responses, and an analysis of the content from the interviews.
The two research questions for this study were:
1. What numeracy skills do nurses perceive as important for providing safe, quality nursing
care in the first three years of practice?
2. How do nurses incorporate numeracy skills into daily patient care during the first three
years of practice?
Survey
Demographics. Following Institutional Review Board (IRB) approvals, study invitations
were electronically sent to 529 nurses who had been identified by Human Resources at the study
location as potentially meeting inclusion criteria. Of those invited, 130 nurses responded to the
survey, for a response rate of 24.6%. Of those responses, a total of 21 respondents did not meet
the inclusion criteria and were prevented from completing the survey. The remaining 109
participants were fairly evenly distributed between the three levels of experience. Over 90% of
the sample was under the age of 40 years. The largest group represented was Caucasian females,
which is representative of the nursing population at the study location. Multiple specialties were
represented. See Table 1 for a detailed analysis of sample demographics.
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Table 1
Survey Sample Demographics

Demographic
Gender
Male
Female
Prefer not to answer
Other
Age
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
44-49 years
60-64 years
Ethnicity
Asian/Pacific Islander
Black/African American
White/Caucasian
Hispanic/Latino
Other
Prefer not to answer

Total (n = 109)
n
%
11
95
3
0

Demographic
Experience
3 months-1 year
1-2 years
2-3 years
Primary Practice Area
Cardiac
Critical Care
Emergency
Medical-surgical
Neonatal
Neurology
Obstetrics
Oncology
Orthopedics
Pediatrics
Surgical services
Women’s Health

10.1
87.2
2.8

53
25
12
11
4
2
2

48.6
22.9
11.0
10.1
3.7
1.8
1.8

2
7
94
5
0
3

1.8
6.4
86.2
4.6
0
2.8

Total (n = 109)
n
%
32
41
36

29.4
37.6
33.0

4
12
7
52
1
5
6
4
11
1
1
5

3.7
11.0
6.4
47.7
0.9
4.6
5.5
3.7
10.1
0.9
0.9
4.6

Item responses. Participants were asked to rate each of 96 specific skills (compiled from
an extensive literature review) on a scale from 1 (Not at all important) to 4 (Very important).
For each item, the range, mean, standard deviation, and variance were calculated by the online
survey platform Qualtrics XM (Qualtrics, Provo, UT). None of the survey items were required,
so participants could skip any item they did not choose to answer. This resulted in variation in
the number of responses for each item, ranging from 90 to 100. Qualitative survey data are
discussed in the Qualitative Data section beginning on page 43.
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Most items received the full range of ratings, but eight items received no rating lower
than 2. These included measuring temperature and pressure and several cognitive-affective skills
such as managing distractions, having confidence, and checking an answer for reasonableness.
All of these items had a mean rating of at least 3.5, indicating participants perceived these skills
to be important.
The items with the highest mean ratings dealt with measurement or cognitive-affective
skills. These included skills related to knowing how and when to solve a problem and having the
confidence to follow through. For example, highly rated items included thinking logically about
a problem, knowing what information is needed, finding that information, and finding an answer
even when the problem is difficult. Of the 96 different skills, 53 received a rating of 3 or higher.
The items with the lowest mean ratings were operations with negative numbers,
operations with fractions, and certain graphing skills. While organizing data and understanding
graphs received higher ratings, the specific skills of plotting numbers on a graph and creating a
graph on paper or a computer program received mean ratings below 2. See Table 2 below for a
list of the items that received the 15 highest and 15 lowest ratings. The full quantitative survey
results, including the examples given to participants to help clarify items, can be found in
Appendix G. Qualitative responses to the free-response questions on the survey were combined
with interview data for content analysis.
Qualitative Data
Interview participants were recruited from within the survey sample. Eleven survey
participants initially volunteered to participate in an interview, but only four responded to a
formal invitation to participate. Recruitment continued while the initial interviews were
conducted, allowing the student investigator to maximize sample variation. Ultimately, nine
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Table 2
Descriptive Statistics for Selected Survey Items
Item #

Rank Simplified Description

20.1
15.4

1
2

20.3

3

20.2
22.1
15.5
22.3
15.3
15.7
22.5
15.6
21.2
13.1
22.8
22.4
11.3
11.7
11.4
18.7
12.2
10.1
10.2
10.4
10.3
17.2
17.1
9.1
9.2
9.4
9.3

4
5
6
7
8
9
10
11
12
13
14
15
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Think logically about a problem
Measure temperature
Know where to find important
information
Determine what information is needed
Check an answer to see if it is reasonable
Measure pressure
Have confidence in your ability
Measure weight
Measure rates
Find an answer to a difficult problem
Measure time
Complete calculation using a calculator
Use metric units of measurement
Manage distractions
Have a positive attitude toward numeracy
Convert numbers into percentages
Estimate the answer of a calculation
Convert percentages into numbers
Understand standard deviation
Use proportions in calculations
Adding fractions
Subtracting fractions
Dividing fractions
Multiplying fractions
Plot numbers on a graph over time
Create a graph
Adding negative numbers
Subtracting negative numbers
Dividing negative numbers
Multiplying negative numbers

3.91
3.89

Std
Deviation
0.38
0.34

91
95

4

3.89

0.48

92

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

3.84
3.83
3.82
3.8
3.8
3.79
3.77
3.77
3.7
3.69
3.68
3.68
2.53
2.49
2.42
2.42
2.38
2.24
2.21
2.1
2.08
1.92
1.82
1.65
1.65
1.57
1.54

0.54
0.43
0.46
0.45
0.52
0.56
0.44
0.59
0.66
0.56
0.51
0.61
0.92
0.96
0.95
1.06
1.02
1.03
1.03
1.04
1.04
0.96
0.92
0.9
0.9
0.87
0.86

92
92
96
93
95
95
93
94
92
96
93
93
96
97
95
95
97
100
99
99
99
95
95
99
98
98
98

Min

Max

Mean

1
2

4
4

1
1
2
2
2
1
1
2
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

n

interviews were conducted, all via telephone due to COVID-19 restrictions. When no new ideas
or codes were generated from the last two interviews, it was determined that saturation had been
reached, and recruitment ended. Each interview was recorded and transcribed to facilitate
analysis, and the preliminary content analysis was shared with participants via email for member
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checking. Four out of nine participants responded to express their support of the analysis and
added no further comments.
Description of participants. To help protect confidentiality, participants were assigned
a number as their participant pseudonym. To save time and space, participants are referred to by
the letter P and their corresponding number. (Example: Participant #9 is P9.) See Table 3 for a
detailed summary of participant demographics. The group represented a nice variety of
specialties, ages, races, and prior experience. Participants also had a variety of attitudes towards
numeracy, including P1, who used to work as a math tutor, and P3, who reported struggling with
math throughout her education. Diversity of voices helps build credibility (Creswell & Poth,
2018).
Conventional content analysis. Interview transcripts and the free-response data from
the survey were analyzed using a conventional content analysis approach. Data management
was facilitated using NVivo (NVivo qualitative data analysis software; QSR International Pty
Ltd. 2020). In vivo coding was used as much as possible to preserve the voice of the
participants. After numerous passes through the data with corresponding revisions and
refinements of the coding scheme, the 85 first-pass codes were organized into five over-arching
themes. The student investigator’s reflexive journal and analytical memos provide an audit trail
for this process (see Appendix H). The five themes were 1) Attitudes surrounding numeracy in
nursing, 2) Practice and experience, 3) Using traditional nursing math, 4) Collecting and using
data, and 5) Challenges and supports. Each of these themes will be discussed in detail, and a
visual hierarchy is provided in Appendix I.
Attitudes surrounding numeracy in nursing. The first subtheme in this overarching
theme is that each of the participants expressed a general attitude toward math throughout the
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Table 3
Interview Sample Demographics
Approx.
Race/
ID Gender
Age
Ethnicity

Degrees
ADN, BSN in
progress
Prior B.S., ADN,
MSN in progress

Prior Work
Experience
Math tutor

Specialty
Medicalsurgical
Medicalsurgical
Emergency
department
Oncology
Medicalsurgical and
rural midwifery

P1

F

30s

Caucasian

P2

F

20s

Caucasian

P3

F

20s

European

ADN, BSN

n/a

P4

M

20s

Caucasian

ADN, BSN

Nursing aide

P5

F

40s

Caucasian

ADN, MSN in
progress

Unspecified,
non-health care

P6

F

20s

Caucasian

ADN, BSN in
progress

n/a

Critical care

P7

F

20s

African
American

Prior B.S., ADN

n/a

Medicalsurgical

Computer
science

Unspecified,
Critical Care
non-health care
P9
M
30s
Caucasian
Prior B.S., BSN
Lab science
Critical care
Note. ADN = associate degree in nursing. BSN = bachelor’s degree in nursing.
MSN = master’s degree in nursing. B.S. = bachelor’s degree in a field other than nursing.
M.S. = master’s degree in a field other than nursing.
P8

F

30s

Caucasian

Prior M.S., BSN

course of the interview. The attitudes fell along two distinct lines. Either “I’m not a math
person” (P2) or “I've always had a math brain” (P8). Both groups agreed, however, that the math
they use on a daily basis is “usually really simple math” (P3). The difference was that the first
group perceived that they could do the math required of them despite their past struggles (with
math classes and competency exams), while the second group thought the math seemed easy to
them because of their past success with math.
Another attitude that repeatedly surfaced was a sense of responsibility to the patients. As
P1 put it, “you graduate, and now suddenly it’s like, it’s all on me!” P3 said it a little differently:
“And when it all comes down to it, you're the stop. What if it was missed by a pharmacist and
46

the doctor? You're the hard stop, and that's on you. And you really take that seriously.” This
motivated the nurses to double-check calculations and IV pump settings, especially in situations
where the computer was not able to act as a second check. P9 said, “I wouldn't want nurses
coming out of school, not being afraid to give meds. Because I think a healthy fear when you do
is good… because you can make mistakes.”
A related subtheme was that “You have to use your brain” (P5). Four specific topics
were mentioned multiple times. First, “think for yourself” (P7). This is the idea that you do not
do something just because a protocol or order tells you to. P5 said, “It's the critical thinking
when it comes to numbers. And I think that's something, you know, you have a number in front
of you but how do you interpret it?” In speaking about titrating an insulin drip, P8 said, “even if
the calculation is right, we might be like, ‘Uh, I don't know if I want to make that titration.’”
Participants connected this to the sense of responsibility mentioned above, saying that they
wanted to be confident in their interventions instead of blindly following instructions.
The second topic commonly discussed was the ability to look at a number and know “that
doesn’t look right” (P7). This was true with medication dosages, vital signs, weights, and IV
pump rates. A survey participant wrote, “I often do not do my own calculations unless what was
already calculated in pharmacy looks off or strange.” P1 described the feeling as “Wow, that
cannot be right. It’s not logical!” However, most participants could not give a logical
explanation. P7 described it as nursing intuition, and P9 connected that intuition to experience.
“How do you know if it makes sense if you, like, don't have any experience doing this
calculation?”
The third common topic was, “check your patient” (P9). This was particularly mentioned
in connection with those numbers that “don’t look right.”
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So in addition to the numbers, I will say like overall, assessment of the patient, like what
you see gathered just by looking at them, or by how the patient is feeling for-- So just an
example, like in the case of fluid overload, you're touching their lower extremities to see
if there's any edema there. Uh, talking with them, listening to the quality of their voice,
listening to lung sounds. (P1)
Participants all discussed the importance of seeing the wider context before making any
decisions based on numerical data.
The final common topic is closely related. “Computers are only as good as the people
operating them” (P5). This was particularly connected to any time a computer collects patient
assessment data. Participants told stories about heart monitors, blood pressure cuffs, and
temperature probes that indicated there was something seriously wrong with the patient, when
the problem was actually with how the device was working.
With heart rates and heart rhythms, we see that too, like, "Why is this ringing out in
VTach?" and then you look at your patient and they're trying to get something out of their
purse, so they're shaking their entire monitor. (P8)
When dealing specifically with medication dosage calculations, however, the participants were
more likely to trust the computer. P7 said, “I trust the system I’m using,” and P2 said, “We don't
have to calculate the dosing rate, it's all fed in there. Which I'm happy with because I think just
safety-wise, that's probably better.” When asked what happens if the computer and the nurse do
not agree, P4 laughed and said, “I’m normally wrong.” The participants seemed to acknowledge
that computers are limited by the quality of inputs, but when it came to completing pure
calculations, the participants trusted the computer more than their own brains.
Practice and experience. The second major theme to emerge from the data relates to
how nurses use their previous and current practice and experience for learning new skills and
gaining confidence. Students with work experience before nursing often attributed certain skills
to that prior experience. For example, P1 said, “I would say I probably became the most
comfortable with math when I was tutoring at a private school a couple years before I went into
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nursing.” P4 and P9 both spoke about becoming comfortable with the metric system while
working in a non-nursing job. Statistics was another skill that was frequently mentioned in
connection with a prior job or prior education. Participants also spoke about learning specific
skills after entering nursing practice, such as the metric system, IV pump operation, and hospitalor specialty-specific protocols.
All participants agreed that “you give a lot of the same [medications]” (P3), so “So there
is maybe a lot of just memorizing basic values” (P1). Throughout each interview, participants
were able to discuss a variety of medications and the corresponding concentrations and doses
with ease.
I'm like, “Okay, I'm giving 60 of methylprednisolone,” It's always a mil and a half ‘cause
they're, you know, they're two 40 milligram vials, and we don't give the full 80. So, I'm
just on autopilot.” (P9)
P9 later added, “I mean, and obviously, I think I probably did check myself a little bit more when
I was a new nurse because I just wanna make sure that everything's okay.”
Recognizing this type of learning, participants spoke about the importance of realistic
application exercises while learning numeracy skills in school.
'Cause then they'll care more about it like this is actually real… This is actually a patient
and you actually have to medicate instead of being some weird complicated number…
Like having practice with realistic meds. Because I can't tell you how many times- like I
could probably get my notebooks out with the calculations. … It was numbers, but it
wasn't a medication. (P3)
When speaking about her math instructor in nursing school, P5 said, “He gave people a more
positive attitude towards math, because he emphasized the practicality of it.” Participants also
spoke about the benefit of having math skills repeated throughout the curriculum. “There's still a
bit of math all throughout the curriculum. And I think as far as that- that helps me I think a lot of
feeling confident and understanding.” (P2)
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Participants also had many examples of skills that they learned in school, but now “I
don’t really use it.” (P7). Most of the participants specifically mentioned calculating IV rates in
drops per minute as “something I’ll never do,” but P5 specifically mentioned that as a skill that
she uses in her rural practice. No one could recall the use of calculus or fractions in their daily
practice, and P3 summarized a third skill with “Negative numbers? Uh, no.” Interestingly,
although most participants initially denied using negative numbers, most realized subtraction
could be considered working with negative numbers. P9 explained this nuance well. “We don't
really use negative numbers, but we do pay attention to, obviously, decreases in value.”
Statistics was seen as useful for research or quality improvement, but participants could not
describe a use for it in daily patient care. Both interview and survey participants were divided on
the use of the nursing formula or dimensional analysis. Some participants reported never using
those specific calculation tools in practice, while others listed them as crucial skills.
Using traditional nursing math. The third theme that emerged from the content analysis
was the use of traditional nursing math. These are skills that are traditionally taught and tested in
nursing programs, including dosage calculation, unit conversions, and calculating intake and
output totals. In both the survey and the interviews, the consensus was that “the computer does it
for us.” (P6) Participants seemed to feel uncomfortable with the idea, and often hastened to add
something like, “I mean I’m double-checking- I could do that, but typically, it's, you know, it's
correct so 'cause everything is automated.” (P7) Especially with medication dosage calculation,
the sentiment was,
[In school] we had to understand how to do nursing formulas- like for med dosage, and
then you get to real practice and you discover that, no, it's all very automated. The MAR
does it for you and unless you're bored and you really wanna double-check something…
(P1)
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A similar sentiment was common when discussing titrations, such as heparin protocols. “It
literally tells you what to do on the order set.” (P8)
However, there were some situations where the nurses could not rely on the computers to
do the calculations for them. For example, nurses reported rarely having a computer present
during codes or other emergency situations. Or when recording discarded or “wasted” narcotics,
participants often described standing in the medication room without the computer turned on.
Several participants also mentioned patient communication requiring calculations the computer
was not set up to complete. For example, in oncology,
If patients come in and they're asking, “How long will I be here?” and I have a 300milliliter bag that runs very simply at a hundred milliliters an hour. Um, telling you,
you'll be here for about three hours plus a little bit more until we get you started or you
can leave… But if you're using a titration where you have to gradually increase, that
would be figuring out on paper, how much it's going to infuse per half hour. And then
adding them up to see how long the chair time is. (P4)
Or on a medical-surgical unit,
I have to explain to a patient, "Look, you take U-500 insulin. One unit of that equals five
units of this insulin. So it looks like I'm giving you a lot more than what you're taking at
home. I am, but the concentration is different." And I, in fact, actually write it out for
them and show them. (P5)
In these situations requiring calculations that are not coming from the computer,
participants reported returning to those traditional skills they learned in school. For many
calculations, participants described mental math. “There's 20 milligrams in this bottle, I'm only
getting 10 milligrams, so it's going to be half an ml.” (P2) P8 explained, “I’m on the code team,
and so when that happens, you don't have a computer in front of you, so if they want something,
you do have to do the math in your head.” However, when the calculations were more involved
or complicated, participants reported writing the calculations out and/or using a calculator. “So
if I’m doing a long calculation, such as a heparin calculation, always pen and paper. Because I
have to be able to see it.” (P6) “If I do need to double check it, we carry [iPhones] for our work
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pager, and it has a very handy calculator. [laughs] The button’s right there, so that has become
one of my best friends.” (P1)
Collecting and using data. The fourth major theme that emerged from the content
analysis pertains to collecting and using data. One critical aspect of this theme as described by
P2 is that “measuring accurately is important.” The most common measurements mentioned
were vital signs, intake and output, and weights.
The first thing that we do is obtain on admission their weight. And from that point, that
weight that you obtain is the [metric] that the pharmacy will use to gauge medication
doses for them. So whether it’s a heparin drip, whether it’s Metformin or a blood pressure
medication- a lot of medications that we give are weight based. (P6)
A common theme with measurements was the use of the metric system. “I don't use the English
system ever. I use metric. And I use a lot of um, micrograms, milligrams, grams, mils…” (P3) “I
mean, just the metric system. I don't think people realize at how important that is, especially in
medicine.” (P5). But most participants did not use the metric system in their daily lives before
nursing, so there was a learning curve to become comfortable with the new units.
Most of that came actually from working a while, though. 'Cause I was working as a
nurse's aide, and we would have to do intake and output. But, I would say after probably
after a year of refilling water pitchers and putting in amounts, you know, like, oh, that's
probably 250 [mL]. (P4)
In addition to precise measurement, participants also reported frequent estimation. “Or
lacerations. You kind of eyeball that. I have never measured… We have done a lot of estimating
with burns…” (P3). Other interview participants mentioned estimating fluid volumes and
weights, and a survey participant mentioned estimating time.
Once the data has been collected, the participants described sorting through the data to
find the important information that will affect patient care. “I just look for trends,” said P9. A
survey participant wrote, “It is important to understand trends in lab values and vital signs.”
Interestingly, most participants did not consider this to be related to numeracy. “There's a lot of
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like blood pressure trend math like you- like not really math, but like looking at numbers as far
as blood pressure trends, heart rate trends, oxygen trends…” (P3, emphasis added)
Despite the emphasis on trends, most participants reported no use for graphs in their daily
practice. Only P9, with a background in another science, reported looking at the graphs that are
available through the electronic medical record. Other participants preferred to look at the
numbers themselves.
I know we have the vital sign trends, which will show you if the temperature at 12- It'll
connect a line going down or up to what it is at four o'clock., Things like that. But I think
a lot of times, rather than look at that, I'll actually look at what the numbers are and see
myself if they're going up or going down. (P2)
Graphs were seen as a specific tool to be used in research or committee work. “I don't see graphs
in my daily practice… But I do reading in a nursing journal.” (P1) Or,
Once you join the committee, you can appreciate graphs more, too. Like when I joined
the skin committee, and you were- you were evaluating how many pressure ulcers you
have in a year. And when there were peaks or what was the reason behind those high
numbers. But as just a bedside nurse, brand new, not really on a committee, not analyzing
numbers, um, graphs I would say not so much… but sitting on different committees, you
definitely do use graphs. Like you might even be creating them yourself. (P4)
Note that, although the sample consisted solely of nurses who had less than three years of
experience, most interview participants reported sitting on at least one committee. Many
participants also mentioned they learned to read graphs in coursework for an advanced degree.
Challenges and supports. The fifth major theme in the data involved the identification
of specific challenges that detracted from the nurse’s ability to use numeracy skills appropriately
and specific supports that aid the nurse in the use of those skills. In the survey, a few
participants mentioned nurses who pretend to use math, but are just going through the motions.
One participant described this as “faking it when it comes to math.” Two specific examples
provided were nurses who report double checking the dosages provided by the computer without
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actually double checking and nurses who always ask another nurse to complete a calculation for
them.
One specific challenge that was mentioned multiple times was setting and/or reading IV
pumps. Some nurses were not trained to use an IV pump until they started working, but the more
common concern relates to the pump display.
So it might say that it's running at four kilograms per hour, but that part of the equation is
actually running at 20 mLs an hour when you physically go in the room to like pump rate
verify with your nurse. So, just like little things like that. It's not necessarily something
that you're gonna do as- like, math, as a nurse, but it is just more education about-- there
are different ways that our specific pumps integrate with our computers and this is what
you might see versus what actually is running. (P8)
This relates to the challenge of making sure “you understand the numbers.” (P1). One survey
participant wrote, “I think it is important to understand why you do certain calculations. It
prevents misuse of incorrect formulas and mistakes, etc.” As discussed above, many nurses
memorize frequently used numbers and operate on “autopilot” in many situations. When faced
with unfamiliar medications or dosages, then, “we had to kind of figure out. It was like, I felt
really dumb. I was like, ‘What is going on?’” (P3). A survey participant specifically identified
“inconsistent dosages/multiple labels and strengths provided” as a challenge.
The other challenges identified are all related to the pressures of time management. First,
participants described being rushed.
I did, um, forget to waste part of the narcotics… And looking back, I would say it was
just because I was rushed, because the morning med pass, the patient was going for
surgery, and I was just trying to get him quickly ready to go down. (P1)
There was added pressure if the rushing was due to an emergency situation. Two survey
participants mentioned “being rushed to calculate in an emergency situation” and “being accurate
under pressure in critical situations.” Even when it is not an emergency, “I think interruptions
are the biggest source of nurses feeling flustered or getting interrupted during a task. I think it's
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hard sometimes to focus and there I think more errors can occur then.” (P2). In the free-response
items on the survey, distractions was the most commonly listed challenge facing nurses in their
use of numeracy skills. Finally, participants reported struggling with “keeping track of what
needs to happen when.” (P1). When asked about errors in numeracy, most participants described
mistakes that happened because someone forgot to take a measurement or follow-up on a lab
result, not errors in calculations. For example,
I remember I had a pod buddy that was a nurse and she was running vasopressor. I was
watching her patients over a lunch. And so, when I went in to check on her patient, um, I
noticed like the blood pressures haven't been running for up to six hours. And so, I was
just like, "How the heck has somebody been running a vasopressor without having a
blood pressure since nine o'clock this morning and now it's like two in the afternoon?"
(P8)
The final challenge that participants reported related to time is the use of the 24-hour clock or
military time.
Despite these challenges, participants also described supports that help ensure the safe,
effective use of numeracy skills in nursing care. Most of these supports related to collaboration
with other health care providers, whether it was other nurses, nursing aides, the pharmacist, or
the provider.
But I do always feel like I have colleagues that I can ask. Like, I'm very comfortable on
my floor. Saying, "Hey, is this right?" or "Can you look at this?” If I'm not totally sure.
That definitely happens, and I think one of my favorite things about my floor is that we're
all so used to going to each other… I think too, if my nurses on my floor weren't there, I
would probably ask one of the educators with something I wasn't sure of and they're
always a text away. (P2)
With certain regulated or high-risk medications, that collaboration is required in the form of an
RN co-sign. Overall, the participants viewed the co-sign as a positive thing, especially for safety
reasons. “Even that safety check is like just good to have that second set of eyes looking to make
sure you have the correct units.” (P1)
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Summary
This study yielded both quantitative and qualitative results. The quantitative data
generated by the survey provided an overview of nurses’ perceptions of the importance of
individual skills related to math. Skills such as measurement, confidence, and knowing how to
solve a problem received high ratings, while working with fractions, negative numbers, and
graphs received low ratings.
The free-response questions on the survey and the interviews were analyzed using
conventional content analysis. The five main themes to emerge from the data were: 1) Attitudes
surrounding numeracy in nursing, 2) Practice and experience, 3) Using traditional nursing math,
4) Collecting and using data, and 5) Challenges and supports. Each theme also contains multiple
subthemes related to the specific skills nurses use in their daily nursing practice.
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Chapter 6: Discussion
The purpose of this study was to explore the numeracy skills required to provide safe,
quality nursing care during the first three years of practice. The mixed methods design of the
study addressed two main research questions. This chapter presents a discussion of the results of
each research question with implications for nursing and nursing education. Finally, limitations
of the study and recommendations for future research are considered.
Research Question #1: What numeracy skills do nurses perceive as important for providing
safe, quality nursing care in the first three years of practice?
This question was mainly answered through the quantitative data provided by the online
survey. The demographics of the survey respondents reflect the nursing population of the study
site, but not necessarily of the country. The respondents were 86.2% White/Caucasian and 6.4%
Black/African American, while the national numbers are 69.1% and 11.8%, respectively
(DataUSA, 2020). The male/female distribution was similar to national numbers, however, with
87.2% female in the sample and 88.2% nationally (DataUSA, 2020). While all survey
respondents worked in a hospital-based setting, this only accounts for 63.4% of the national
workforce (DataUSA, 2020). The age of respondents was skewed much younger than the
national average of 43.7 years (DataUSA, 2020), but this is to be expected with the focus on
nurses in the first three years of practice. Finally, while there was no question asking for
educational attainment, hospital records show that 233 out of 529 invited nurses had a bachelor’s
degree or higher (44%). Although we cannot be sure that the respondents represent a similar
education distribution, this number is similar to the 41.7% of nurses nationally who enter the
workforce with a bachelor’s degree or higher (NCSBN, 2017).
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The survey was created using the framework of numeracy (Ginsburg et al., 2006) to
organize a comprehensive list of potential numeracy skills. The three main components of the
framework are the context, content, and cognitive and affective skills of numeracy. See Figure 1
for a full representation of the theoretical framework. The survey asked respondents to focus
specifically on the context of safe, quality nursing care, but the other two components will be
discussed here.
Cognitive and affective skills. Of the 25 skills that received the highest ratings on the
survey, 15 were related to cognitive and affective skills. The two strands with the most highly
rated items were Adaptive Reasoning and Strategic Competence. Important skills in the
Adaptive Reasoning strand include items such as thinking logically about a problem, using
numbers to make decisions, and communication with others about numbers or calculations.
Important skills in the Strategic Competence strand include items such as finding information
needed to solve a problem, managing distractions, and choosing the best method of calculation.
The Procedural Fluency and Productive Disposition strands also had some highly rated items,
such as checking an answer to see if it is reasonable and having confidence in your numeracy
ability. These skills are frequently discussed in math education literature (Ginsburg et al., 2006),
but have only entered nursing literature recently (Mackie & Bruce, 2016; Young et al., 2013).
The qualitative data, from both the survey and the interviews, reinforced the importance
of these cognitive and affective skills. Nurses spoke about the importance of working under
pressure, the time pressures and distractions that detract from the optimal use of numeracy skills,
and the importance of communicating with both patients and other members of the health care
team. One theme that emerged from the qualitative data but was not captured on the survey is
the importance of safety and the sense of responsibility nurses feel in their work. This mirrors
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the emphasis on safety found throughout health care literature (Jewell & McGiffert, 2009; Leufer
& Cleary-Holdforth, 2013; Parry et al., 2015; Shelton, 2016). Although this is most closely
related to the cognitive/affective component of the theoretical framework, it is not well
represented by any of the strands.
Content. Unlike the Cognitive and Affective component, the Content component of the
framework did not have any strands that consistently received high ratings. For example, the
Measurement and Shape strand includes both the higher rated measurement items and the lower
rated graphing skills. For each of the strands in this Content component, it seems the importance
of individual skills can vary widely, even if they seem to be closely related. For example,
creating graphs received low ratings, but analyzing trends in data over time received high ratings.
The importance of the skills is also dependent on setting, as demonstrated by the appearance of
percentages near the bottom of the rankings but mentioned in the qualitative data as an important
part of diabetes care in the intensive care unit.
Some skills received consistently low ratings, both on the survey and in the qualitative
data. In the Number and Operation Sense strand, operations with both fractions and negative
numbers received some of the lowest ratings on the survey. In the interviews, participants could
not think of an application for these skills in their daily practice. In the Measurement and Shape
strand, creating a graph and plotting numbers on a graph received low survey ratings. However,
when questioned more closely, most interview participants agreed that, while these skills may
not be used in direct patient care, they are an important part of quality improvement and
continuing education. Graphing skills are not frequently assessed or discussed in nursing
literature (Lopez et al., 2016), so this area of numeracy warrants further exploration.
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Nursing understanding of skills. Through comparison of the qualitative and
quantitative data, it became apparent that nurses have specific, often limited, definitions of
various numeracy related terms. This almost certainly impacted importance ratings on the
survey and deserves further exploration in future studies. For example, operations with negative
numbers received some of the lowest ratings on the surveys, but in interviews, nurses frequently
mentioned working with decreases or deficits. It seems that nurses perceive these situations in
terms of subtracting positive numbers rather than adding negative numbers. Another example
involves proportions. Qualitative data from both the survey and the interviews demonstrated
how frequently nurses work with unit conversions, which mathematicians would describe in
terms of proportional relationships. However, “using proportions in calculations” received an
average rating of only 2.38 on the survey. Finally, estimating measurements and approximating
calculations received low ratings on the survey, but interview participants frequently spoke about
having a general idea what a number should be or knowing when a number looked wrong. The
nurses attributed this to experience or intuition rather than estimation, which aligns with
previously published research (Noss et al., 2002).
Research Question #2: How do nurses incorporate numeracy skills into daily client care
during the first three years of practice?
This question was mainly answered through the qualitative data gathered in the freeresponse survey items and the participant interviews. Although the data were analyzed without
reference to any theoretical framework, the themes that emerged are closely related to various
components and strands of the framework of numeracy.
Attitudes surrounding numeracy in nursing. In this theme, participants spoke about
their own perception of their numeracy abilities, the value placed on numeracy as part of safety,
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and the importance of problem solving and critical thinking. Participants' perceptions of their
numeracy abilities, closely related to the Productive Disposition strand of the framework, were
reminiscent of Dweck’s growth mindset versus fixed mindset (2016). Participants felt that either
they had always been good at math or had always struggled. In nursing students, this math selfefficacy is correlated to performance of math skills (Andrew et al., 2009; Arkell & Rutter, 2012;
McMullan et al., 2012; Røykenes et al., 2014b; Williams & Davis, 2016), but interestingly, both
groups of nurses felt that the math required for their daily practice was quite simple. Despite
their perceptions of their past ability, all participants felt comfortable with their ability to use
numeracy skills in their current context. This contrast between attitudes toward math in general
and math in context deserves further exploration and could potentially yield information that
helps educators facilitate increased self-efficacy in student nurses.
The “use your brain” subtheme shows how nurses pull many separate skills together to
successfully apply numeracy to nursing care. In order to interpret patient data, nurses use a
combination of physical assessment, guidelines, and numeracy skills such as analyzing trends.
To administer a medication, nurses combine skills in finding and understanding information, unit
conversion, and measurement. Number sense, estimation skills, and memorization of frequently
encountered numbers contribute to a nurse’s ability to determine whether a given number is
reasonable or not. Ultimately, it is not any one skill that allows a nurse to provide safe, quality
care, but rather the ability to use multiple skills simultaneously (Coben et al., 2008; Young et al.,
2013).
Practice and experience. This theme highlights the importance of the Context
component of the framework. Participants spoke about the importance of repetition and on-thejob learning, whether generally in nursing or specifically on their separate units, to improve their
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skills and change their attitudes regarding numeracy. Although the context for this study was
defined as “nursing,” the interviews showed that different nursing specialties use different skills
to varying degrees. For example, most nurses said that they had never had to calculate a dropsper-minute rate for an IV infusion, but the nurse who worked in rural home care used that skill
regularly. One participant said she felt very comfortable in her current context, but she imagined
she would be overwhelmed if asked to use her skills in a different context. This aligns with past
research that showed that nurses demonstrate expertise in numeracy skills in situations they
encounter frequently, but struggle to transfer those skills to other tasks (Noss et al., 2002).
Challenges and supports. In this theme, participants discussed factors that they did not
consider “math” skills but that helped or hindered their use of numeracy in practice. Although
the participants saw these as peripheral skills, the theoretical framework includes them under the
Cognitive and Affective component, especially the Strategic Competence and Adaptive
reasoning strands. These skills, such as use of tools, managing distractions, and time
management, are not typically part of formal numeracy education or assessment in nursing, but
they have started to attract attention in the literature (Adhikari et al., 2014; Coben & Weeks,
2014; Grandell-Niemi et al., 2006; Jones, 2009; Sulosaari et al., 2012). This theme also
emphasizes the teamwork present throughout health care, which means that nurses are rarely
required to work in a truly independent manner.
Using traditional nursing math. This theme does not fall neatly under one strand of the
theoretical framework but includes specific skills from both the Content and Cognitive/Affective
components. The main point of this theme is that technology has taken over most of the
calculation skills that have traditionally been emphasized in nursing education and assessments.
Participants did agree that there are still situations where the nurse cannot rely on the computer.
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This aligns with previous recommendations that nurses continue to learn basic calculation skills
(Berdot et al., 2016), but some participants were concerned that they would lose expertise in
skills they used infrequently. One skill that computers have not replaced is the ability to
communicate with patients and colleagues regarding numerical data.
Collecting and using data. This theme combines aspects of the Data, Statistics, and
Probability strand from the framework with aspects of the Measurement and Shape strand. For
measurement, the use of the metric system was particularly important, and estimation was
difficult early in participants’ careers because they had difficulty visualizing metric units. In
some contexts, the nurses felt that precise measurements were needed, while approximations
would suffice in others. Interestingly, when it came to analyzing trends in the data, participants
did not usually consider graphing or statistics to be important. Pirie (1987) says that graphs are
very important for practicing nurses, and many seasoned nurses may remember graphing vital
signs on paper charts, but the participants in this study preferred to look at the numbers
themselves instead of a graphical representation. Statistics skills were seen as specific to the
analysis of research data with no application to bedside practice.
Implications
New understanding of numeracy in nursing. Compared with previous attempts to
delineate numeracy skills required for nursing, this study emphasized general skills such as
critical thinking, problem solving, and flexible reasoning and deemphasized specific skills such
as fractions and negative numbers. Pirie’s taxonomy (1987) contains apothecary unit
conversions and does not acknowledge electronic medical records, so it does not match the
experience of practicing nurses today. Roberts’ listing of skills (1990) focuses solely on
medication dosage calculations and ignores the many critical thinking and data management
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skills that were emphasized by participants in this study. Cartwright’s discussion of numeracy
skills (1996) appears to focus on calculation of IV infusion rates and fluid balance, two skills that
participants in this study say have been replaced by technology. In fact, participants spoke more
about the challenges of programming or reading IV pumps rather than calculating rates. Finally,
Hutton’s updated taxonomy (Young et al., 2013) includes fractions, negative numbers, drops per
minute rates, use of formulae, and use of graphs, all skills that were deemed less important by
nurses in this study.
Numeracy education in nursing. When it comes to teaching numeracy skills to nursing
students, educators would do well to consider the importance of context in numeracy. As the
participants made clear, learning abstract skills is not the same as practicing real-world scenarios
that can be directly transferred to practice. This experiential learning has been shown to improve
student performance on assessments (Coben & Weeks, 2014; Hurley, 2017), and will allow
students to begin familiarizing themselves with what numbers are reasonable in specific
contexts. However, critics of situated learning remind educators that abstract instruction
facilitates transfer of skills to new contexts, while a reliance on specific, concrete learning
activities can create inflexible thinking (Anderson et al., 1996).
There is great potential for the use of simulation in numeracy education for nurses. These
realistic, hands-on scenarios could help students practice both concrete skills like measurement
and abstract skills like time management and distractions management (Adhikari et al., 2014;
Jones, 2009). If the students work in groups, they could also practice collaboration and
cooperative learning (Tejada, 2011). Because there is no danger to actual patients in simulation,
any errors could be allowed to play out, allowing students to see the consequences of their errors.
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This could help students to recognize the importance of numeracy for safe, quality care and help
students to develop the sense of responsibility expressed by nurses in this study.
Numeracy assessment in nursing. Previous attempts to measure numeracy in nurses or
nursing students included skills that received low ratings in this study, such as apothecary units,
fractions, and drops per minute calculations (Bagnasco et al., 2016; Bindler & Bayne, 1991;
Blais & Bath, 1992; Harvey et al., 2010). Most schools also require students to memorize
formulae such as body mass index (Crawford, 2015), while participants reported using a
computer or smartphone for those calculations. It is possible that some nurses and students have
performed poorly on past assessments because the assessments were poorly constructed, not
because the participants lacked skill. Some weaknesses have already been identified, mainly
related to the authenticity of assessments. Word problems with fictitious medications and
arbitrary doses lack the familiarity of real-world situations, so many nurses and students find
them challenging (Coben et al., 2008; Wright, 2012; Young et al., 2013; Zahara-Such, 2013).
Nurses in practice also benefit from the support of their peers, but may have to search for
necessary information, instead of having it presented in a neat, type-written question (Dyjur et
al., 2011). If the practice of using numeracy assessments as high-stakes testing is going to
continue, educators must learn to create assessments that accurately and reliably reflect the
performance of numeracy skills in the clinical context. However, most nursing faculty have no
training in teaching or assessing numeracy skills (Vitale, 2011) and will need education and
support if these changes are to be made.
Integration of computers. In the United States, computers are becoming increasingly
common in all branches of nursing. Rather than ignore computers and continue to focus on stepby-step calculations, educators should teach students to safely integrate the computer into daily
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practice. This includes teaching students to become wise consumers of information, having a
healthy skepticism for numbers generated by the computer, but not duplicating all of the
computer’s work. For example, educators might reinforce estimation skills so that students
quickly determine an approximate dosage of a medication and compare it to the computer’s
calculated dose. As long as the two numbers are close, there is no need to use a calculator to
duplicate the computer’s calculation. Computers are increasingly used to provide instruction
regarding protocols, as well, so students should be given the opportunity to input data and
respond to the computer’s prompts.
However, despite the prevalence of computers, study participants demonstrated the
importance of working without the computer. Whether there is an equipment failure or an
emergency situation, the nurse may need to complete calculations or titrations using other tools,
such as mental math, dimensional analysis, or other long-form techniques. The challenge is that
nurses in this study reported learning best through repetition and frequent practice, so skills that
are only used occasionally may decline. Schools usually address this problem by assessing
numeracy skills at regular intervals throughout the program, but many health care organizations
have no regular practice or assessment in place. Those that do not may want to consider an
annual numeracy competency training and assessment.
Graphs and trending. Nurses in this study rated data trending as an important skill, but
interview participants struggled to verbalize how they decide when changes are significant.
Several participants described relying on experience or instinct, but previous studies have shown
that nurses’ perception of data can be easily manipulated with different presentations of the same
data (Hoyles & Noss, 2002; Peters, 2012), likely related to weak graphing skills (Lopez et al.,
2016). Participants in this study also perceived statistics as a set of tools only used in conducting
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or reading research. Educators should seek to bridge this gap by improving statistics education
for all nurses, specifically highlighting the importance of natural variation and statistically
significant changes in data sets. Many health care organizations have started using statistical
process control to highlight statistically significant changes as part of quality improvement
initiatives (Matthes et al., 2007), but the same technology could be applied to patient vital signs
or lab values using the electronic medical record. Most nurses in this study did not look at the
graphs automatically generated by the electronic medical record, however, so software designers
should test different ways to present important information in a way that works best for
practicing nurses.
Limitations
This study was limited by several factors. First, the sample was a relatively small
convenience sample from a single health care organization. Some aspects of the demographics
of the sample did not match national averages, so the results of this study may reflect the
opinions of one small group of nurses rather than consensus within the wider nursing profession.
Replication studies with larger, more diverse samples will improve the generalizability of these
findings.
The survey tool used in this study was developed by the student investigator and pretested only on a small pilot group. Further testing and revision of the tool would increase the
reliability. In the study, response rates decreased toward the end of the survey, suggesting
participant fatigue, which could theoretically impact responses. Based on the findings of this
study, the number of items in the tool needs to be refined further before use in future studies.
Some items could be combined or deleted, or it could also be useful to break the survey into
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individual tools. For example, the cognitive and affective skills could be pulled out to create a
separate survey.
Finally, as a novice researcher, the student investigator did not have the same level of
expertise in tool development or qualitative analysis that a more seasoned researcher would
bring. However, by following established protocols and relying on feedback from the
dissertation committee, the impact of this factor was minimized.
Future Research
This study provided a unique exploration of the numeracy skills used in safe, quality
nursing practice, but many questions remain unanswered. Future research is needed to explore
the attitudes and behaviors of nurses from a wider variety of locations, settings, and
backgrounds. Broader input could move the nursing community toward a greater consensus
about which skills are the most important for early career nurses. Educators should also explore
new ways of teaching and assessing numeracy skills to determine the best ways to promote the
success of students and new nurses. Ideally, this research should be a collaboration between
nursing and math faculty to combine best practices from math pedagogy with real-world context
from nursing education. Finally, designers of electronic medical records and other medical
devices must work with nurses to determine the best ways to present data so that it is readily and
correctly understood by the practicing nurse.
Summary
Nurses in this study rated the importance of 96 separate numeracy skills, and follow-up
interviews helped clarify the quantitative results. Rather than focus on traditional calculation
skills, nurses considered the more abstract skills related to problem solving and critical thinking
to be most important. The ability to measure accurately was also especially important, as well as
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the ability to interpret that data. The theoretical framework used to construct the survey tool
served as a valuable organizational tool. The general themes from the interviews aligned well
with the main components of the framework.
The study needs to be replicated with larger, more diverse samples. If the themes in this
study are present across the wider nursing community, there are important implications for
nursing education and practice. Educators should modify teaching and assessment practices to
better reflect the real-world experiences of a practicing nurse. Statistics should cease to be a
fringe course used only for research and should become a core component of data analysis in
everyday practice. Health care organizations should build in regular practice and assessment
activities to continue to improve and strengthen the numeracy skills of practicing nurses.
Finally, technology should be leveraged to optimize decision-making for practicing nurses by
facilitating the analysis of trends in data over time.
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Appendix A
Diagram of mixed methods design.
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Appendix B
IRB Approval Letters
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Appendix C
Expert Review Feedback and Changes Made
Item

Reviewer Comments

Calculating with whole numbers
Calculating with numbers with
decimals

Calculating with negative
numbers

ICVI
1

Changes Made/
Comments

0.83

Nurses never do this

Calculating with fractions

0.67

All experts did all
agree that it fits into
category A. I will
leave it up to the
practicing nurses to
decide if they use this
skill.

0.83

Converting fractions to decimals
[Example: ¾ is 0.75]

It seems question 4
would cover this

Calculating percent change
[Example: A change from 100 to
90 is a 10% decrease]

Why not combine 6,7,
and 8 and use the stem
calculate percentage –
this will shorten your tool 0.83
and I think this stem
covers your intent.
Something to think about

Convert numbers into
percentages [Example: 20 out of
50 is 40%]
Convert percentages into
numbers [Example: 30% of 50 is
15]
Accurately use place value
[Example: 0.1 versus 0.001]
Accurately use scientific
notation [Example: 5.4 x 103]
Use mental math to complete a
calculation [Example: Calculate
“200/4 is 50” without using any
tools]

0.83

Should this be built
into the previous
question? To keep the
first four items
consistent, I will
continue to keep this
as an individual item.

0.83

0.83
1
0.33

1
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Cut

Item

Reviewer Comments

Estimate the answer of a
calculation [Example: Estimate
that 203/4 is about 50]

Create proportions [Example:
“For every box of gauze I use,
I’ll need 2 rolls of tape”]

Use proportions in calculations
Dilute solutions to a specific
concentration [Example: Create
a 3/5 strength formula for a
patient’s tube feed.]
Identify a pattern [Example:
“The number of falls on our unit
follows the same pattern as the
number of nurses working.”]
Find patterns in large list of
values
Analyze rate of change
[Example: the patient’s blood
pressure is rising more slowly
now than it was earlier.]
Compare two functions
[Example: Which is better? A
$50 monthly premium and $20
copays or a $100 monthly
premium and $10 copays.]
Use metric units of measurement
(grams, liters, meters)
Use English units of
measurement (pounds, cups,
feet)
Use apothecary units of
measurement (grains, drams)
Convert units of measurement

ICVI

Changes Made/
Comments

1
I would say that this
example is more
accurately described as
“Create and interpret a
ratio”. A proportion is
statement of two equal
ratios.

0.83

0.83
I chose C because it
seemed closer to units of
measure rather than
patterns and functions

1

1

0.83

1

0.67

1
0.83

I don’t understand
English to English - fix
with examples?

Metric to metric
English to English
Metric to English
English to Metric
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0.33

Cut

0.83

Added examples for
each

Item

Reviewer Comments

Measure
Length
Volume
Weight
Temperature
Pressure
Time
Rates
Approximate
Length
Volume
Weight
Temperature
Pressure
Time
Rates

ICVI
1

Changes Made/
Comments

1

From data? Or perhaps
the graph of a function?
With or without
technology? Or perhaps
all of these?

0.83

Add “(on paper or
computer program)”

Plot numbers on a graph over
time

0.5

There was a clear split
between experts with
significant clinical
experience and those
with math/admin
background. All
agreed that it clearly
fit in category C.
Because this survey is
designed for practicing
nurses, I’ll leave it.

Read and interpret a graph

1

Create a graph

Use one measurement to
calculate another [Example:
Measure skin fold thickness to
determine body fat percentage]

I’m a little unclear about
this example. Is
mathematics involved?
I’m picturing a sliding
scale…?
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0.67

Comments that this
was unclear. Also
comments that the
survey should include
more about using
established formulae.
Will change example
to “Measure weight to
determine fluid
balance”

Item

Reviewer Comments

ICVI

Changes Made/
Comments

Calculate values using
established formulas [Example:
Calculating body mass index.]

Experts mapped to
Content area B

1

Move up to related
items

Collect data

Reword - information
using numbers

0.83

Organize data
Use tables to organize data
Use tables to complete
calculations [Example:
Determine a patient’s 24-hour
fluid balance based on an intakeoutput table.]
Analyze trends in data over time
Determine whether changes in
data are important/significant

0.83
0.83

0.83

1
Is this different from
statistically significant?
If so, how so?

Apply risk ratios to a specific
patient’s care [Example: Based
on the risk of side effects and the
likelihood of cure, is this
medication worth using?]
Calculate probabilities
[Example: Patients on our unit
have a 10% chance of
developing a pressure ulcer.]
Use probabilities to make
decisions
Find the average of a group of
numbers

1

0.83

0.67

New example: Nurses
exposed to measles
have a 90% chance of
developing the illness.

0.83
1

Find the standard deviation of a
group of numbers

0.5

Determine if a result is
statistically significant
[Example: Determine whether a
reduction in number of falls is
random or attributable to nursing
interventions]
Understand the results section of
a research article

0.83

1
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Change to: Understand
what the standard
deviation says about a
group of numbers.

Item
Understand how formulas work
[Example: Why do the nursing
formula and dimensional
analysis both work to complete a
dosage calculation?]
Understand why a certain
procedure works to solve a
problem [Example: The nursing
formula works because it is the
same thing as cross multiplying
equivalent proportions.]
Understand equivalent ways of
solving a problem [Example:
25% of a value is the same as
multiplying by ¼.]
Understand relationships
between numbers [Example: “50
is half of 100”]
Use shortcuts to solve problems
quickly
Find mistakes in someone else’s
calculation
Communicate with other people
about numbers
Communicate with other people
about calculations
Think logically about a problem
Determine what information is
needed to solve a problem
Know where to find important
information
Choose the best method for
completing a calculation
Set up a calculation
Decide when a calculation is
needed
Decide when a calculation is not
needed
Decide when and how to round
numbers
Correctly complete calculations
using paper and pencil
Correctly complete calculations
using a calculator

Reviewer Comments

ICVI

Changes Made/
Comments

1

0.83

0.83

As long as there is a true
zero

1
0.67
1
1
1
1
1
1
1
1
1
1
1
1
1
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Change example to
50mL is half of
100mL
Change to quickly but
accurately

Item
Correctly complete calculations
using a computer program
Correctly complete calculations
using mental math
Check an answer to see if it is
reasonable
Explain your calculation to
someone else
Have confidence in your ability
to use numbers
Have a positive attitude toward
numeracy
Find an answer to a problem
even when it is difficult
Use numbers to make decisions
in high-pressure situations
Use numbers to make decisions
quickly
Manage distractions while
working with numbers
Overall Scall CVI

Reviewer Comments

ICVI
1
1
1
1
1
1
1

if needed

1

When warranted

1
1
0.909
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Changes Made/
Comments

Appendix D
Test-Retest Reliability Data
Item #
2.1
2.2
2.3
2.4
7.1
7.2
7.3
7.4
9.1
9.2
9.3
9.4
10.1
10.2
10.3
10.4
11.1
11.2
11.3
11.4
11.5
11.6
11.7
12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
13.1
13.2
14.1
14.2
14.3

Item Description
Adding whole numbers
Subtracting whole numbers
Multiplying whole numbers
Dividing whole numbers
Adding numbers with decimals
Subtracting numbers with decimals
Multiplying numbers with decimals
Dividing numbers with decimals
Adding negative numbers
Subtracting negative numbers
Multiplying negative numbers
Dividing negative numbers
Adding fractions
Subtracting fractions
Multiplying fractions
Dividing fractions
Convert fractions to decimals (Example: 3/4 is 0.75)
Calculate percent change (Example: A change from 100 to 90 is a 10%
decrease.)
Convert numbers into percentages (Example: 20 out of 50 is 40%)
Convert percentages into numbers (Example: 30% of 50 is 15)
Accurately use place value (Example: 0.1 versus 0.001)
Use mental math to complete a calculation (Example: Calculate
&quot;200/4 is 50&quot; without any tools)
Estimate the answer of a calculation (Example: Estimate that 203/4 is
about 50)
Create proportions (Example: "For every box of gauze I use, I'll need 2
rolls of tape")
Use proportions in calculations
Dilute solutions to specific concentrations (Example: Create a 3/5 strength
formula for a patient's tube feed)
Identify a pattern (Example: "The number of falls on our unit follows the
same pattern as the number of nurses working.")
Find patterns in large lists of values
Analyze rate of change (Example: The patient's blood pressure is rising
more slowly now than it was earlier.)
Compare two functions (Example: Which is better? A $50 monthly
premium and $20 copays or a $100 monthly premium and $10 copays.)
Calculate values using established formulas (Example: Calculating body
mass index.)
Use metric units of measurement (grams, liters, meters)
Use English units of measurement (pounds, cups, feet)
Metric to metric (Example: grams to milligrams)
English to English (Example: ounces to pounds)
Metric to English (Example: milliliters to ounces)
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Coefficient
0.835
0.851
0.764
0.775
0.699
0.697
0.699
0.710
0.724
0.724
0.715
0.767
0.769
0.773
0.767
0.724
0.753
0.727
0.741
0.692
0.807
0.729
0.674
0.699
0.699
0.712
0.848
0.704
0.771
0.786
0.696
0.842
0.704
0.702
0.832
0.738

Item #
14.4
15.1
15.2
15.3
15.4
15.5
15.6
15.7
16.1
16.2
16.3
16.4
16.5
16.6
16.7
17.1
17.2
17.3
17.4
17.5
17.6
17.8
17.9
18.1
18.2
18.3
18.4
18.5
18.6
18.7
18.8
18.9
19.1
19.2
19.3
19.4
19.5
19.6
19.7

Item Description
English to metric (Example: pounds to kilograms)
Measure length
Measure volume
Measure weight
Measure temperature
Measure pressure
Measure time
Measure rates
Estimate length
Estimate volume
Estimate weight
Estimate temperature
Estimate pressure
Estimate time
Estimate rates
Create a graph (on paper or a computer program)
Plot numbers on a graph over time
Read and interpret a graph
Use one measurement to calculate another (Example: Measure weight to
determine fluid balance.)
Collect data
Organize data
Use tables to organize data
Use tables to complete calculations (Example: Determine a patient's 24hour fluid balance based on an intake-output table.)
Analyze trends in data over time
Determine whether changes in data are important or significant
Apply risk ratios to a specific patient's care (Example: Based on the risk of
side effects and the likelihood of cure, is this medication worth using?)
Calculate probabilities (Example: Nurses exposed to measles have a 90%
chance of developing the illness.)
Use probabilities to make decisions
Find the average of a group of numbers
Understand what the standard deviation says about a group of numbers
Determine if a result is statistically significant (Example: Determine
whether a reduction in number of falls is random or attributable to nursing
interventions.)
Understand the results section of a research article
Understand how formulas work (Example: Why do the nursing formula
and dimensional analysis both work to complete a dosage calculation?)
Understand why a certain procedure works to solve a problem (Example:
The nursing formula works because it is the same thing as crossmultiplying equivalent proportions.)
Understand equivalent ways of solving a problem (Example: 25% or a
value is the same as multiplying by 1/4)
Understand relationships between numbers (Example: 50mL is half of
100mL.)
Use shortcuts to solve problems quickly but accurately
Find mistakes in someone else's calculation
Communicate with other people about numbers
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Coefficient
0.855
0.805
0.840
0.904
0.845
0.769
0.947
0.733
0.699
0.796
0.765
0.699
0.699
0.749
0.708
0.699
0.730
0.699
0.699
0.865
0.827
0.711
0.808
0.699
0.715
0.762
0.699
0.696
0.699
0.762

0.711
0.793
0.770

0.699
0.730
0.853
0.770
0.888
0.699

Item #
19.8
20.1
20.2
20.3
20.4
20.5
20.6
20.7
20.8
21.1
21.2
21.3
21.4
22.1
22.2
22.3
22.4
22.5
22.6
22.7
22.8

Item Description
Communicate with other people about calculations
Think logically about a problem
Determine what information is needed to solve a problem
Know where to find important information
Choose the best method for completing a calculation
Set up a calculation
Decide when a calculation is needed
Decide when a calculation is not needed
Decide when and how to round numbers
Complete calculation using paper and pencil
Complete calculation using a calculator
Complete calculation using a computer program
Complete calculation using mental math
Check an answer to see if it is reasonable
Explain your calculation to someone else
Have confidence in your ability to use numbers
Have a positive attitude toward numeracy
Find an answer to a problem even when it is difficult
Use numbers to make decisions in high-pressure situations
Use numbers to make decisions quickly
Manage distractions while working with numbers

Note. Coefficient = Pearson product-moment correlation. n=31.
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Coefficient
0.734
1.000
0.909
0.947
0.799
0.888
0.792
0.750
0.869
0.772
0.876
0.699
0.721
0.953
0.725
1.000
0.696
0.794
0.767
0.696
0.950

Appendix E
Paper Version of Survey
Start of Block: Block 1

Thank you for agreeing to participate in this study that explores the numeracy skills that are
important to practicing nurses.
There are two parts to the survey: a brief demographic questionnaire followed by a numeracy
skills importance list.
Part 1: Demographics
How long have you been working as a nurse?

o 0-3 months (1)
o 3 months - 1 year (2)
o 1-2 years (3)
o 2-3 years (4)
o Longer than 3 years (5)
Skip To: End of Survey If Part 1: Demographics How long have you been working as a nurse? = 0-3 months
Skip To: End of Survey If Part 1: Demographics How long have you been working as a nurse? = Longer than 3 years
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Age

o Under 20 years (1)
o 20-24 years (4)
o 25-29 years (2)
o 30-34 years (3)
o 35-39 years (5)
o 40-44 years (6)
o 45-49 years (7)
o 50-54 years (8)
o 55-59 years (9)
o 60-64 years (10)
o 65 years or older (11)
Gender

o Male (1)
o Female (2)
o Other: (5) ________________________________________________
o Prefer not to answer (4)
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Race/ethnicity (select all that apply)

▢
▢
▢
▢
▢
▢
▢
▢

American Indian or Alaska Native (1)
Asian (2)
Black/African American (3)
Native Hawaiian or other Pacific Islander (4)
White/Caucasian (5)
Hispanic/Latino/Latina of any race (6)
Other (7) ________________________________________________
Prefer not to answer (8)
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Primary Practice Area

o Critical care (1)
o Dialysis (2)
o Emergency/trauma (3)
o Medical-surgical (4)
o Mental health (5)
o Neonatal (6)
o Neurology (7)
o Obstetrics (8)
o Orthopedics (9)
o Pediatrics (10)
o Rehabilitation (11)
o Urgent care (12)
o Women's health (13)
o Other (14) ________________________________________________
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Part 2: Numeracy Skills Importance List
Numeracy is defined as knowing when and how to use numbers or data to solve problems,
knowing what to do with numerical answers to questions, and being confident and comfortable
with the process. Numeracy is not just “math.”
Please consider all the ways you use numbers and data in your nursing practice. Which ones are
most important? Importance may involve:
•
•
•

You use it frequently
An error would have serious consequences
Your outcome affects someone else’s work

For each skill listed, please indicate how important it is for you personally to use that skill in
providing safe, quality nursing care.
How important is calculating with whole numbers?
1 (1)
Adding (1)
Subtracting (2)
Multiplying (3)
Dividing (4)

o
o
o
o

2 (2)

o
o
o
o
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3 (3)

o
o
o
o

4 (4)

o
o
o
o

How important is calculating with numbers with decimals?
1 (1)
Adding (1)
Subtracting (2)
Multiplying (3)
Dividing (4)

o
o
o
o

2 (2)

o
o
o
o

3 (3)

o
o
o
o

4 (4)

o
o
o
o

How important is calculating with negative numbers?
1 (1)
Adding (1)
Subtracting (2)
Multiplying (3)
Dividing (4)

o
o
o
o

2 (2)

o
o
o
o

3 (3)

o
o
o
o

4 (4)

o
o
o
o

How important is calculating with fractions?
1 (1)
Adding (1)
Subtracting (2)
Multiplying (3)
Dividing (4)

o
o
o
o

2 (2)

o
o
o
o
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3 (3)

o
o
o
o

4 (4)

o
o
o
o

How important is it to...?
1 (1)
Convert fractions to decimals (Example: 3/4 is 0.75)
(1)

2 (2)

3 (3)

4 (4)

Accurately use place value (Example: 0.1 versus
0.001) (5)

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

Use mental math to complete a calculation
(Example: Calculate "200/4 is 50" without any
tools) (7)

o

o

o

o

Estimate the answer of a calculation (Example:
Estimate that 203/4 is about 50) (8)

o

o

o

o

Calculate percent change (Example: A change from
100 to 90 is a 10% decrease.) (2)
Convert numbers into percentages (Example: 20
out of 50 is 40%) (3)
Convert percentages into numbers (Example: 30%
of 50 is 15) (4)
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How important is it to...?
1 (1)
Create proportions (Example: "For every box of
gauze I use, I'll need 2 rolls of tape") (1)

2 (2)

3 (3)

4 (4)

o
o

o
o

o
o

o
o

Dilute solutions to specific concentrations
(Example: Create a 3/5 strength formula for a
patient's tube feed) (3)

o

o

o

o

Identify a pattern (Example: "The number of falls
on our unit follows the same pattern as the
number of nurses working.") (4)

o

o

o

o

Find patterns in large lists of values (5)

o

o

o

o

Analyze rate of change (Example: The patient's
blood pressure is rising more slowly now than it
was earlier.) (6)

o

o

o

o

Compare two functions (Example: Which is
better? A $50 monthly premium and $20 copays
or a $100 monthly premium and $10 copays.) (7)

o

o

o

o

Calculate values using established formulas
(Example: Calculating body mass index.) (8)

o

o

o

o

Use proportions in calculations (2)

Page Break
Great! Keep it up!
How important is it to...?
1 (1)
Use metric units of measurement (grams,
liters, meters) (1)
Use English units of measurement (pounds,
cups, feet) (2)

o
o
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2 (2)

o
o

3 (3)

o
o

4 (4)

o
o

How important is it to convert units of measurement?
1 (1)
Metric to metric (Example: grams to
milligrams) (1)

o
o
o
o

English to English (Example: ounces to
pounds) (2)
Metric to English (Example: milliliters to
ounces) (3)
English to metric (Example: pounds to
kilograms) (4)

2 (2)

o
o
o
o

3 (3)

o
o
o
o

4 (4)

o
o
o
o

How important is it to accurately measure...?
1 (1)
Length (1)
Volume (2)
Weight (3)
Temperature (4)
Pressure (5)
Time (6)
Rates (7)

o
o
o
o
o
o
o

91

2 (2)

o
o
o
o
o
o
o

3 (3)

o
o
o
o
o
o
o

4 (4)

o
o
o
o
o
o
o

How important is it to approximate...?
1 (1)
Length (1)
Volume (2)
Weight (3)
Temperature (4)
Pressure (5)
Time (6)
Rates (7)

o
o
o
o
o
o
o
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2 (2)

o
o
o
o
o
o
o

3 (3)

o
o
o
o
o
o
o

4 (4)

o
o
o
o
o
o
o

How important is it to...?
1 (1)
Create a graph (on paper or a computer program)
(1)
Plot numbers on a graph over time (2)
Read and interpret a graph (3)
Use one measurement to calculate another
(Example: Measure weight to determine fluid
balance.) (4)
Collect data (5)
Organize data (6)
Use tables to organize data (7)
Use tables to complete calculations (Example:
Determine a patient's 24-hour fluid balance based
on an intake-output table.) (8)
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2 (2)

3 (3)

4 (4)

o
o
o

o
o
o

o
o
o

o
o
o

o

o

o

o

o
o
o

o
o
o

o
o
o

o
o
o

o

o

o

o

How important is it to...?
1 (1)

2 (2)

3 (3)

4 (4)

o
o

o
o

o
o

o
o

Apply risk ratios to a specific patient's care
(Example: Based on the risk of side effects and the
likelihood of cure, is this medication worth using?)
(3)

o

o

o

o

Calculate probabilities (Example: Nurses exposed to
measles have a 90% chance of developing the
illness.) (4)

o

o

o

o

o
o
o

o
o
o

o
o
o

o
o
o

Determine if a result is statistically significant
(Example: Determine whether a reduction in
number of falls is random or attributable to nursing
interventions.) (8)

o

o

o

o

Understand the results section of a research article
(9)

o

o

o

o

Analyze trends in data over time (1)
Determine whether changes in data are important
or significant (2)

Use probabilities to make decisions (5)
Find the average of a group of numbers (6)
Understand what the standard deviation says
about a group of numbers (7)
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Almost there!

How important is it to...?
1 (1)

2 (2)

3 (3)

4 (4)

Understand how formulas work (Example:
Why do the nursing formula and dimensional
analysis both work to complete a dosage
calculation?) (1)

o

o

o

o

Understand why a certain procedure works
to solve a problem (Example: The nursing
formula works because it is the same thing as
cross-multiplying equivalent proportions.) (2)

o

o

o

o

Understand equivalent ways of solving a
problem (Example: 25% or a value is the
same as multiplying by 1/4) (3)

o

o

o

o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

Understand relationships between numbers
(Example: 50mL is half of 100mL.) (4)
Use shortcuts to solve problems quickly but
accurately (5)
Find mistakes in someone else's calculation
(6)
Communicate with other people about
numbers (7)
Communicate with other people about
calculations (8)
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How important is it to...?
1 (1)

2 (2)

o
o
o
o
o
o
o
o

Think logically about a problem (1)
Determine what information is needed to solve a
problem (2)
Know where to find important information (3)
Choose the best method for completing a
calculation (4)
Set up a calculation (5)
Decide when a calculation is needed (6)
Decide when a calculation is not needed (7)
Decide when and how to round numbers (8)

3 (3)

o
o
o
o
o
o
o
o

4 (4)

o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o

How important is it to correctly complete calculations using...?
1 (1)
Paper and pencil (1)
A calculator (2)
A computer program (3)
Mental math (4)

2 (2)

o
o
o
o

o
o
o
o
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3 (3)

o
o
o
o

4 (4)

o
o
o
o

How important is it to...?
1 (1)

o
o
o
o
o
o
o
o

Check an answer to see if it is reasonable (1)
Explain your calculation to someone else (2)
Have confidence in your ability to use numbers
(3)
Have a positive attitude toward numeracy (4)
Find an answer to a problem even when it is
difficult (5)
Use numbers to make decisions in high-pressure
situations (6)
Use numbers to make decisions quickly (7)
Manage distractions while working with
numbers (8)

2 (2)

3 (3)

o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o

4 (4)

o
o
o
o
o
o
o
o

What numeracy skills should be added to the list above?
________________________________________________________________

Are there any numeracy skills that you learned in school that you never use in practice? Explain.
________________________________________________________________

Are there any numeracy skills that you use frequently in practice but never learned in
school? Explain.
________________________________________________________________

Consider the skills that you rated most highly. Why are these skills so important?
________________________________________________________________
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What are some challenges you face while using numeracy skills in practice?
________________________________________________________________

Do you have any other thoughts or questions you would like to share?
________________________________________________________________

You will now be redirected to a new page for the option to enter the gift card drawing and survey
participation.

Please do not proceed until you are ready to leave this survey.
End of Block: Default Question Block
Redirect to: Drawing and Interview

Drawing and Interview
Start of Block: Default Question Block

Gift Card Drawing
If you would like to be entered for the gift card drawing, please include your name and email
address below.
Winners will be notified by email after the survey is closed for responses.
(This will be recorded separately from your survey responses, and your information will not be
shared with anyone.)

o Name (1) ________________________________________________
o Email address (2) ________________________________________________
Interviews
If you would be willing to participate in a brief interview to discuss numeracy in nursing in more
depth, please include your contact information here. This will help the researcher to better
understand the survey responses and create meaningful change in the math education of nurses.
All interview participants will receive a $10 Visa gift card.
If you provide your contact information, you will be contacted by the researcher to arrange a
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time that is convenient for you. Your information will not be shared with anyone. (This will be
recorded separately from your survey responses.)

o Name (1) ________________________________________________
o Email address (2) ________________________________________________
o Phone number (3) ________________________________________________
End of Block: Default Question Block
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Appendix F
Interview Guide with Example Questions
Informed consent
Explain interview process, privacy protections, provide Ginsburg framework (page 2)
Consent to record
Begin interview questions, take minimal notes (data regarding body language, notes to
facilitate further questions, etc.)
1. Tell me about the ways you use numbers and data in your daily care of patients.
2. Give me an example of a time someone made an error with numbers or data. What
happened?
3. The accurate measurement skill was rated as very important in the survey. Tell me
more about that.
4. The cognitive/affective skills on the survey received high ratings. How and when
have you learned these skills?
5. What skills are missing from this framework and/or the survey?
6. Are there any numeracy skills you had to learn in school but never use in practice?
Explain.
7. Are there any skills you use in practice but never learned in school?
8. Graphing skills and working with negative numbers received the lowest ratings. How
have you learned these skills (or not)?
Transcribe interview
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The main components and substrands of numeracy.

Adapted from:
Ginsburg, L., Manly, M., & Schmitt, M. J. (2006). The components of numeracy.
https://adultnumeracynetwork.org/wpcontent/uploads/2016/03/ComponentsOfNumeracy.pdf
National Research Council. (2001). Adding It Up. National Academies Press.
https://doi.org/10.17226/9822
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Appendix G
Descriptive Statistics for All Survey Items
Item #

Rank Item Description

20.1
15.4
20.3
20.2
22.1
15.5
22.3
15.3
15.7
22.5
15.6
21.2
13.1
22.8
22.4
22.7
15.2
20.4
22.6
18.2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

19.4

21

19.7
18.1
19.6
22.2
20.6
2.1
20.8
19.8

22
23
24
25
26
27
28
29

Think logically about a problem
Measure temperature
Know where to find important information
Determine what information is needed to solve a problem
Check an answer to see if it is reasonable
Measure pressure
Have confidence in your ability to use numbers
Measure weight
Measure rates
Find an answer to a problem even when it is difficult
Measure time
Complete calculation using a calculator
Use metric units of measurement (grams, liters, meters)
Manage distractions while working with numbers
Have a positive attitude toward numeracy
Use numbers to make decisions quickly
Measure volume
Choose the best method for completing a calculation
Use numbers to make decisions in high-pressure situations
Determine whether changes in data are important or significant
Understand relationships between numbers (Example: 50mL is half of
100mL.)
Communicate with other people about numbers
Analyze trends in data over time
Find mistakes in someone else's calculation
Explain your calculation to someone else
Decide when a calculation is needed
Adding whole numbers
Decide when and how to round numbers
Communicate with other people about calculations
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3.91
3.89
3.89
3.84
3.83
3.82
3.8
3.8
3.79
3.77
3.77
3.7
3.69
3.68
3.68
3.67
3.67
3.63
3.61
3.6

Std
Deviation
0.38
0.34
0.48
0.54
0.43
0.46
0.45
0.52
0.56
0.44
0.59
0.66
0.56
0.51
0.61
0.59
0.64
0.69
0.62
0.69

91
95
92
92
92
96
93
95
95
93
94
92
96
93
93
93
96
91
93
94

4

3.59

0.77
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4
4
4
4
4
4
4
4

3.58
3.55
3.52
3.51
3.48
3.47
3.47
3.44

0.68
0.68
0.74
0.67
0.83
0.85
0.78
0.79

91
95
92
92
92
98
91
90

Min

Max

Mean

1
2
1
1
2
2
2
1
1
2
1
1
1
2
1
2
1
1
1
1

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

1
1
1
1
2
1
1
1
1

n

Item #

Rank Item Description

14.4
15.1
20.5
20.7
14.1
21.3
11.5

30
31
32
33
34
35
36

12.6

37

19.5
2.2
17.5
21.4
17.6
7.1
7.2
2.3
2.4

38
39
40
41
42
43
44
45
46

18.3

47

14.3

48

19.3

49

21.1

50

17.9

51

19.2

52

18.9
16.2

53
54

12.4

55

16.3

56

English to metric (Example: pounds to kilograms)
Measure length
Set up a calculation
Decide when a calculation is not needed
Metric to metric (Example: grams to milligrams)
Complete calculation using a computer program
Accurately use place value (Example: 0.1 versus 0.001)
Analyze rate of change (Example: The patient's blood pressure is rising more
slowly now than it was earlier.)
Use shortcuts to solve problems quickly but accurately
Subtracting whole numbers
Collect data
Complete calculation using mental math
Organize data
Adding numbers with decimals
Subtracting numbers with decimals
Multiplying whole numbers
Dividing whole numbers
Apply risk ratios to a specific patient's care (Example: Based on the risk of
side effects and the likelihood of cure, is this medication worth using?)
Metric to English (Example: milliliters to ounces)
Understand equivalent ways of solving a problem (Example: 25% or a value
is the same as multiplying by 1/4)
Complete calculation using paper and pencil
Use tables to complete calculations (Example: Determine a patient's 24-hour
fluid balance based on an intake-output table.)
Understand why a certain procedure works to solve a problem (Example: The
nursing formula works because it is the same thing as cross-multiplying
equivalent proportions.)
Understand the results section of a research article
Estimate volume
Identify a pattern (Example: "The number of falls on our unit follows the
same pattern as the number of nurses working.")
Estimate weight
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3.41
3.4
3.4
3.4
3.38
3.35
3.34

Std
Deviation
0.86
0.81
0.85
0.85
0.84
0.93
1.01

93
96
92
91
93
92
97

4

3.34

0.84

96

1
1
1
1
1
1
1
1
1

4
4
4
4
4
4
4
4
4

3.34
3.33
3.32
3.32
3.27
3.23
3.19
3.18
3.18

0.81
0.93
0.95
0.88
0.89
0.95
0.94
0.96
1

91
97
94
92
94
97
96
97
96

1

4

3.16

0.98

94

1

4

3.1

0.95

93

1

4

3.1

0.97

91

1

4

3.09

1.03

91

1

4

3.02

0.96

95

1

4

3.02

1.04

93

1
1

4
4

3
2.96

0.96
0.9

94
96

1

4

2.93

0.96

97

1

4

2.93

0.98
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Min

Max

Mean

1
1
1
1
1
1
1

4
4
4
4
4
4
4

1

n

Item #

Rank Item Description

11.6

57

14.2
16.6

58
59

19.1

60

7.3
7.4
16.4
16.1
13.2
16.7
12.5
18.5
16.5

61
62
63
64
65
66
67
68
69

18.4

70

17.3

71

12.8

72

11.2

73

17.4

74

18.6

75

18.8

76

17.8
11.1

77
78

12.7

79

12.3

80

Use mental math to complete a calculation (Example: Calculate &quot;200/4
is 50&quot; without any tools)
English to English (Example: ounces to pounds)
Estimate time
Understand how formulas work (Example: Why do the nursing formula and
dimensional analysis both work to complete a dosage calculation?)
Multiplying numbers with decimals
Dividing numbers with decimals
Estimate temperature
Estimate length
Use English units of measurement (pounds, cups, feet)
Estimate rates
Find patterns in large lists of values
Use probabilities to make decisions
Estimate pressure
Calculate probabilities (Example: Nurses exposed to measles have a 90%
chance of developing the illness.)
Read and interpret a graph
Calculate values using established formulas (Example: Calculating body
mass index.)
Calculate percent change (Example: A change from 100 to 90 is a 10%
decrease.)
Use one measurement to calculate another (Example: Measure weight to
determine fluid balance.)
Find the average of a group of numbers
Determine if a result is statistically significant (Example: Determine whether
a reduction in number of falls is random or attributable to nursing
interventions.)
Use tables to organize data
Convert fractions to decimals (Example: 3/4 is 0.75)
Compare two functions (Example: Which is better? A $50 monthly premium
and $20 copays or a $100 monthly premium and $10 copays.)
Dilute solutions to specific concentrations (Example: Create a 3/5 strength
formula for a patient's tube feed)
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Min

Max

Mean

Std
Deviation

n

1

4

2.92

1.02

97

1
1

4
4

2.92
2.91

1.01
0.97

93
95

1

4

2.91

1.07

93

1
1
1
1
1
1
1
1
1

4
4
4
4
4
4
4
4
4

2.86
2.85
2.83
2.8
2.8
2.8
2.78
2.77
2.77

1.08
1.12
0.97
0.96
1.04
1
1.03
1.01
0.98

96
95
95
96
95
95
97
95
94

1

4

2.76

1.03

95

1

4

2.76

1.05

94

1

4

2.74

0.96

97

1

4

2.73

1

96

1

4

2.71

1.03

95

1

4

2.7

0.98

94

1

4

2.7

1.07

93

1
1

4
4

2.68
2.64

1.06
1.06

93
98

1

4

2.63

0.97

97

1

4

2.61

1.09

97

Item #

Rank Item Description

12.1

81

11.3

82

11.7

83

11.4
18.7
12.2
10.1
10.2
10.4
10.3
17.2
17.1
9.1
9.2
9.4
9.3

84
85
86
87
88
89
90
91
92
93
94
95
96

Create proportions (Example: "For every box of gauze I use, I'll need 2 rolls
of tape")
Convert numbers into percentages (Example: 20 out of 50 is 40%)
Estimate the answer of a calculation (Example: Estimate that 203/4 is about
50)
Convert percentages into numbers (Example: 30% of 50 is 15)
Understand what the standard deviation says about a group of numbers
Use proportions in calculations
Adding fractions
Subtracting fractions
Dividing fractions
Multiplying fractions
Plot numbers on a graph over time
Create a graph (on paper or a computer program)
Adding negative numbers
Subtracting negative numbers
Dividing negative numbers
Multiplying negative numbers
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Min

Max

Mean

Std
Deviation

n

1

4

2.57

0.98

98

1

4

2.53

0.92

96

1

4

2.49

0.96

97

1
1
1
1
1
1
1
1
1
1
1
1
1

4
4
4
4
4
4
4
4
4
4
4
4
4

2.42
2.42
2.38
2.24
2.21
2.1
2.08
1.92
1.82
1.65
1.65
1.57
1.54

0.95
1.06
1.02
1.03
1.03
1.04
1.04
0.96
0.92
0.9
0.9
0.87
0.86

95
95
97
100
99
99
99
95
95
99
98
98
98

Appendix H
Reflexive Journal and Analytical Memos
Reflexive Journal
11/16/2019: Start of project
Here I am setting out all of my own attitudes and biases regarding numeracy in nursing so that I
can attempt to separate them from my work in this study. I think numeracy is critical to nursing,
far beyond just medication dosage calculation. Statistics are undervalued in nursing, seen a part
of research, but people miss the connection to data trending with things like vital signs and lab
values. I know many of my students are afraid of math. They don't realize that all they have to
do is think logically about a problem, set it up correctly, and the calculator can do any hard
calculations for them. On the other hand, I've had students pull out a calculator for something as
simple as 50x2. Again, I think this points to the lack of thinking, whether from terror or lack of
experience. The math tests we make students take at the beginning of every semester don't seem
to have any bearing on their ability to do the work in clinical. Most commonly, a student will
pass the test with a 100% but have no idea what to do when faced with a real-world problem in
clinical. In recent years, I have been working with math faculty to try to improve the quality of
that test. My work with math experts in recent years has helped me expand my vocabulary so
that I can read math education articles and understand the jargon. I have always found math to
be easy, and I have had many years of formal math training in various degree programs.
3/4/2020: After expert review
Mapping the competencies was understandably vague, especially of the cognitive/affective skills.
The authors of the framework acknowledge that all strands of numeracy are intertwined, so I'm
not concerned about that. All mapping at least generally agrees, with no major discrepancies.
Overall, comments were helpful. I made revisions accordingly and will send back.
8/20/2020: After survey - creating interview guide
It's really interesting to see the contradictions in the comments. "More statistics!" "I never use
statistics at all!" "Mental math is important!" "Mental math is dangerous!" There are also
several people who say the computer does all the calculating for them, then others who say
people need to be checking the computer's numbers. There were a few skills mentioned that are
highly specialized (like contraction strength in L+D), so I don't expect them to appear as themes
in general, but that could certainly be useful information for the educators on those specific units.
Dosage calc, heparin, wasting narcotics were mentioned several times.
9/2/2020: After interview #1
This participant seems to rely on the numbers coming from the computer, rather than doing
calculations independently. "I just put in what the MAR says." "The MAR does it for you."
Importance of metric system, importance of practice to improve skills.
I'm intrigued by her discussion of her work teaching math at a private school. It seems to be the
one time she really explored the metric system and what it means. Should we be doing similar
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visualization exercises for all nursing students? I have certainly had many students who have no
idea what reasonable or unreasonable answers look like in metric units.
Need a good conceptual background in order for nursing math to make sense.
It's interesting that she feels like the nursing formula was a specific skill she was required to
learn in school, but now never uses.
Graphs for school, research, but not practice.
She clearly understands numbers in context, but sounds uncomfortable with bare math.
More concerned with non-math factors surrounding med errors: distractions, time pressure,
missing a related step like wasting or ordering a lab.
After working with heparin drips for a while, she has gone from "This is hard. I'm forgetting
something." to "This is simple." Importance of practice again.
I'm personally conflicted about her comments about doing whatever the MAR says. On the one
hand, I know errors in the MAR are rare, but on the other hand, I know blindly following
technology is dangerous. She seems to have a good understanding of what reasonable numbers
are, though, so would she at least catch major errors?
For all transcriptions, P = participant, R = Researcher
9/3/2020: After interview #2
It's interesting that this participant doesn't think anyone should rely on the computer for
calculations. She says the computer is a nice double check, but she always does her own
calculations, but then she says the computer does all the calculating of the heparin dosages, and
that it's probably safer that way.
She gave an example of nurses giving the right dose of medication, but the computer considered
it an error because of the vials they pulled. Interesting.
She seems to have a good understanding of how communication with numbers is important. It
sounds like the floor has some conventions in place that facilitate that communication.
Importance of having math spread throughout the curriculum for confidence and understanding,
even if she didn't like it at the time.
Discussion of how there's always someone to help with calculations if you get stuck.
Again, mention of nursing formula as a specific skill that she had to learn, but never uses. She
uses proportions instead, mental shortcuts.
When I asked her about becoming comfortable with the metric system, she talked about
repetition to help her memorize the conversions, but she didn't talk about learning to visualize or
estimate the units.
It's interesting that she took statistics for a prior degree in computers and worked with graphs for
that job, but when asked about evaluating trends, all her examples were about calling the
provider to ask if the change was important.
She thinks she's great with math and numbers, but thinks she would be completely lost in an
accounting class - importance of context.
9/8/2020: After interview #3
"I'm not good with math."
This nurse can't rely on the computer for dosages because they often bypass the computer safety
systems.
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With repetition, she has learned shortcuts and tricks, memorized conversions. When presented
with an "odd" dose, she had to get out paper, pen, and calculator. "I felt really dumb."
She works with IV fluid rates, but thinks having to calculator drip rates in college was pointless.
Again, the importance of context.
Also discussed practicalities surrounding dosages. Like having extra dosages ready to go in
emergencies, even if you don't know you'll need them.
Never uses the English system.
"The math you do in nursing is not what you learn in school."
Mentioned estimating wound size, but then her example was of asking the provider to estimate it
for her.
When asked about developing confidence with numbers, her answer was about developing
confidence in the general situations she deals with.
Importance of reflection for learning.
"I never used a single thing in that class." re: stats
Frustrated that she was taught math regarding IVs, but never how to use the IV pump. Missing
the practical application of the math.
Repetition of same meds = "I automatically know what it is"
Wants more realistic math practice in school. Just working with numbers isn't good enough - it
needs to be real meds.
There seems to be variation between schools regarding how concepts are taught. This nurse
seems to have had less realistic, hands-on teaching.
9/11/2020: After interview #4
Focus mainly on rates, vitals.
Double checks dosages, but seems to have more faith in computer's ability than his own. Will
check with someone else if he can't get his answer to match the computer's.
Interesting example of med error. I'm not sure why he didn't scan it. He said "time crunch." I
wonder if the Pyxis screen confused him - did it display the desired dose instead of the actual
contents of the vial? Now he knows that each vial is 125mg. Experience has taught him.
Interesting: when I asked about measurement, he only talked about conversions. I only got him
to talk about measurement by asking him about estimating volumes and weights.
Also interesting: as he talked about converting within the metric system, he was off by a factor of
10 each time.
Seems to have had positive experiences with math in previous education. Was able to share
math skills with peers in school.
Thought the math tests were pretty realistic. Acknowledges that the computer can do a lot of it
for you, but you should know how to double check.
Got very off topic when talking about skills not taught in school - will need to be more specific
with that question in the future.
Graphs for committee work, not bedside nursing.
When asked about trends, spoke about evaluating specific numbers in the context of the clinical
picture.
Wishes he had appreciated dimensional analysis when he first learned it. Says more about
chemistry teacher than DA, I think.
Sim lab could provide realistic med practice including distractions.
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9/16/2020: After interview #5
Interesting case: second career, started as an LPN.
Her discussion of insulin and heparin contain great examples of why you can't just go by what
the computer is saying. You have to think about it.
You don't necessarily need to know the exact dosage all the time. If you know the ballpark
figure and Epics answer is close to that, then you know Epic is okay. But you have to know an
approximation.
Value of experience.
Heparin also as an example when communicating with other RNs about math is important.
Community work as an example of when you don't have a computer to help you.
Re: metric system - again, knows conversions, but can't visualize the units.
Always been good at math, helps others around her.
Graphs for EBP, QI, not bedside care.
She introduced an interesting idea of need to be able to do quick conversions when talking to
patients about their medications, especially those the patient is used to taking at home. I'll have
to ask others about that in future interviews.
9/17/2020: After interview #6
Interesting that she thinks of her committee work rather than bedside practice when asked about
how she uses numbers.
The only bedside math she describes is double-checking drip rates that the computer has already
calculated.
"Those kind of minute details that have been taken over by technology."
Again, when asked about metric system, talked about conversions, not actually visually amounts.
Again, graphs for QI, but not bedside care.
I didn't really hear anything new. Am I approaching saturation? I'll try to widen my sample
variety - at least another male voice, other specialties, etc.
9/21/2020: After interview #7
Intriguing. She's very open about just trusting the computer, but she does have a point about her
patients being fine. I felt my inner voice yelling, "No! You can't just trust what you're seeing!"
But listening to the recording, I think I did a good job of keeping my opinions out of the
conversation. I thought she was going to end up making some great point about approximation
or understanding what reasonable numbers look like when she started talking about how she'll
double check the calculation if the numbers look wrong, but I was disappointed when she
explained that she knows a number looks wrong when the computer flags it as high. And yet, at
the end of the interview, she talks about having a nursing intuition. It would be very interesting
to follow her around for a day and see how she actually operates.
Also interesting that she implicitly trusts the aides weights simply because they're updated daily.
I know weights are notoriously fudged, but again, I think I managed to keep my opinion out of
the conversation. She did make that comment that I was making her think more about that. I
wonder if she'll start to have more of a healthy skepticism regarding other people's numbers?
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I knew perspectives like this were out there, so I'm glad I captured one. All the other interviews
so far have placed much more emphasis on nurses double checking the computer's number,
though, so it seems this view is in the minority. Either that, or she's the only honest one so far.
9/22/2020: After interview #8
Again, she talks about how computers have removed math, but then says she double checks. Is it
the definition of "math" that's causing the disconnect, or are people not actually checking as
much as they know they should? Or is there a subconscious check where things just look right
based on experience? She certainly seems to mistrust readings from devices any time they're
unexpected. She definitely understands that you can't trust everything a machine says.
Based on her discussion of the insulin protocol, her definition of "math" seems to involve writing
out long equations on paper. Despite my careful use of words like "numbers," she seemed really
focused on what she calls "math."
"If you don't want to look back at your computer and cheat..." Interesting that she calls it
cheating. Other people would call it a safety check.
She works with percentages more than other nurses I've heard from. It seems to be setting
specific.
Again, the importance of experience. Again, viewing decreases as subtraction, not negative
numbers.
I thought a lot about what she said she was taught. "This is the way we do it on paper, but this is
what we actually do from a nursing perspective." If those ways don't match up, one of them
must be better than the other. Let's identify all those disconnects and get rid of the less-thanideal way. I think that's what I'm hearing a lot of regarding dosage calc. "We did the whole,
long calculation in school, but in practice, I just make sure the computer looks right."
Both error scenarios she discussed involved an error with all the contextual information, not the
math itself. Interesting to think about related to med errors.
I'm hearing the same themes over and over, just with different specifics. I want one more male
voice to ensure diversity, but I think I'm almost done.
10/2/2020: After interview #9
Repetition of a lot of previous themes. I didn't feel like I learned anything new, but I did like his
closing thought about how it's good for new nurses to be cautious and how over-confident
newbies make him nervous.
Also, I have to say that I'm amazed how many of these new-ish nurses talk about the multiple
people they have oriented. Where are the truly seasoned nurses?
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10/4/2020 6:08 PM
Interview #7 was very general. I think I could have done a better job probing. I asked a lot of
close-ended or specific questions, so I think she didn't feel the need to elaborate. I think I was
also deterred by her repeated statements that she never uses math, but the more I look back at the
transcript, the more I think she just didn't recognize her own subconscious math use.
10/5/2020 11:32 PM
As I code Interview #3, I'm struck by how many meds she can spout off with exact doses and
rates. She doesn't usually use the computer system (lots of overriding), but it's mostly meds she
gives all the time, so she knows what it should look like. I guess that's okay if her patient needs
the standard dose, but like she said, she gets confused when faced with unusual doses.
10/6/2020 7:41 PM
I have a hard time with this interview (#4). He spent so much time being very general and not
really talking about specific math skills. But maybe that's because he's focused on all the context
that surrounds all the math he uses. It is true that nurses learn to estimate how long a task should
take, but isn't that more a function of knowing the nursing skill instead of understanding time?
Learning time management is certainly useful, but I'm not sure it's numeracy. And giving report
might include sharing some numerical information, but it involves so much more than that.
Certainly his discussion of communicable disease does not relate to numeracy.
10/6/2020 8:24 PM
Interview #5
Great interview! She gave a lot of great examples, explained herself well. She's older than most
of the participants, so I wonder if that affects her attitude towards math. She's a strong advocate
of double checking, but explained that she might just know the ball park figure she's expecting.
Her work with the Amish is also a great example of why you might need to do drops per minute
calculations.
10/7/2020 8:48 PM
I don't feel like I did much coding in Interview #6. It was one of the shortest interviews, and I
think the participant stuck to her main points better that some others. There were often several
lines in a row that all fit under one code, while other participants tended to be a bit more
scattered.
10/9/2020 8:07 PM
This quote sticks in my head (from interview #1) "[In school] we had to understand how to do
nursing formulas- like for med dosage, and then you get to, um, real practice and you discover
that, no, um, it's all very automated. The MAR does it for you and unless you're bored and you
really wanna double-check something..."
Then from interview #2, "Which I'm happy with because I think just safety-wise, that's probably
better."
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Analytical Memos
10/4/2020 4:06 PM
I'm starting by coding Interview #1, then I think I'll move to #7 since it's so different. Current
list of codes after interview #1. I'm already thinking Reasonable and Visualization might end up
combining because you know is reasonable if you can visualize it. All the metric codes might
get combined, too.
2 RNs - when 2 nurses are required to co-sign a high risk med
Aides - CNAs who work with the nurses
Applicability - how is the math useful for nursing
Calculator
Challenges - what gets in the way of fluent numeracy
Conceptual background - understanding the reasoning behind the numbers
Context - everything else needed to make the numbers meaningful
Continuing Ed - education after RN license
Double checking - independently checking doses (not 2 RN checks)
Education vs practice - disconnects between the way things are done in school vs currently
reality in practice
Errors - mistakes made with numbers/meds
Estimation - calculations, measurements, etc.
Gaining confidence - getting more comfortable with math/numbers
Graphs - how they're used (or not)
head knowledge - raw knowledge, not applied
Heparin
High School - math experiences before college
intake and output
Lasix
Math class - formal education
Measurement - volume, time, weight, etc.
Med dispensing system - Pyxis or Omnicell
memorizing basic values - numbers memorized, usually through repetition
Metric system - use of metric alone
Metric vs English - conversions between
Metric-metric conversion - conversions within
Negative Numbers
Numbers premade - reading a number, but not required to calculate it
Nursing formula - desired over have times quantity. A shortcut for unit conversion taught in
nursing school.
On-the-job learning - things learned at work
Past experience - things learned before RN work
Patient assessment - standard nursing assessment
Practice - repeating a skill to improve
prioritizing
Protocols - reading/following protocols
Reading computers - working with MAR or Omnicell interface
Reasonable - does the number make sense?

112

recording what we see - related to measurement. Combine?
Research
Sense of responsibility - "It's all on me now."
Student supervision - in nursing school
Teammates - communication with other health care providers
Time - time spent on the job
titration - adjusting meds per protocol, no new orders involved
Visualize - can you picture what the number actually means
Wasting meds - safely disposing of extra meds per hospital policy
10/4/2020 6:07 PM
New codes after Interview #7
Collaboration - working with other nurses to do math
Data over time - recording/evaluating trends
Easy - attitude towards math.
Intuition - especially regarding whether numbers are right or wrong
Missing skills - not learned in school
New nurses - with less experience than interviewee
No math - "we just don't use math."
Patient communication - context for numbers
Safety checks - checks built into processes
Skills in reserve - "I don't use that skill, but I could if I needed to."
Specialty - impact of specialty on math skills
Specific skills - mentions of specifics
Staffing - impact on practice
Standard doses - for adults, most medications are given at a single dose
Statistics - the class or the use of
Think for yourself - as opposed to trusting someone/something else
Time management - surrounding numbers
Trust computer
Trust teammates - doctors, pharmacists, aids
Unusual doses - doses that deviate from normals.
I'm going to change "Easy" to "attitude towards math". Then it can include those that would say
math is difficult.
10/4/2020 8:48 PM
New codes from interview #2
Communication with teammates
Computer resources - EHR, Lexicomp, etc.
Dosage calc - specific skill? May merge.
Mental math - as a tool/technique
Paper - as a tool
Pre-clinical math test
Proportions - as a strategy or thought process
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Threshold for concern - related to changes over time, but could be in response to a single data
point
Weights - added as its own code, but definitely related to measurement. I may merge it back
again.
10/6/2020 12:12 AM
New codes from interview #3
Drip rates - as in drops per minute. This is her terminology, and I remember it being repeated by
others. It's not what I think of when I hear the phrase. "Drip rate" and "IVF rate" would be
interchangeable to me. And they talk about heparin drips, but then the rate they run it at is not a
drip rate because its in mL, not drops. Interesting. But I'll use their words!
Overriding - pulling meds without it populated in the EHR or the med dispensing system
10/6/2020 7:49 PM
New codes from interview #4
Conversions - one unit to another. related to metric-metric and dosage calc. will probably
combine somehow
10/6/2020 8:31 PM
No new codes from interview #5, but I can clearly see that I'll have a lot of organizing and
modifying to do after this first pass of coding.
10/7/2020 8:49 PM
No new codes again after interview #6.
10/7/2020 10:15 PM
New codes from Interview #8:
IV pumps - some of the practicalities associated with using the pumps
Rates - especially IV, but also heart rate, rate of change, etc.
These are topics that other people have talked about, but in this interview, I didn't feel her
discussion of these topics fit into any of the other codes I used in the past. I look forward to
sorting through all my first-pass codes to gain consistency, detail, organization, etc.
10/7/2020 11:06 PM
No new codes for interview #9.
10/9/2020 8:27 PM
I hear a theme about missing measurements. I+O, BP, PTTs, etc.
10/10/2020 4:10 PM
New codes:
"The MAR does it for you"
"Memorizing basic values"
"Being accurate under pressure"
"It's all on me!"
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"That doesn't seem right"
"Part of our critical thinking skills" or "You have to use your brain" "Computers are only as good
as the people operating them" "Check your patient"
"Measuring accurately is important" [sub code here about missing measurements?]
"You just try to estimate"
"Sitting on different committees, you definitely do use graphs"
"Negative numbers? Um, no."
"I don't really use it often"
"Practice and experience."
"It literally tells you what to do on the order set" [heparin, insulin, etc.]
"It's usually really simple math"
"This is what you learn, but this is what you do"
"It might continue to be a challenge"
"We collaborate about a lot of things"
"I just look for trends"
"I don't know how much of that is previous experience"
"I learned that on the job"
Specific skills mentioned:
Conversions
Nursing formula
Dimensional analysis
Calculators
Paper and pen
Mental math [a theme?]
Wasting narcotics
Protocols/titrations/heparin/Lasix
Add, subtract, percentages
Metric system
2 RN sign-off
Communicating with others
IV pumps
Statistics
10/11/2020 2:02 PM
"That doesn't seem right" is at least related to "You have to use your brain," but I haven't decided
if they both fall under a larger theme or if one should be a part of the other.
"I don't really use it often" might fall under specific skills
10/11/2020 6:10 PM
Split "It might continue to be a problem" into sub categories
Being confident - overlap with attitude
I was rushed - related to "Being accurate under pressure"
Keeping track of what needs to happen when
Managing distractions
Mental math - specific skill
Multi-step process - related to protocols
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Understand the numbers
Unfamiliar doses - related to practice
Faking it
These now overlap with other codes.
10/11/2020 7:45 PM
Make attitude it's own category again, now with three subs: I'm not a math person, I've always
been a math person, and it's usually pretty simple. Both attitudes agree on the later.
10/11/2020 9:45 PM
New (final?) organization
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Appendix I
Visual Hierarchy of Qualitative Codes
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Invited presenter, mock lesson, Classroom Technologies Showcase
PA College of Health Sciences, Spring Faculty Development Day
May 10, 2016
Roundtable facilitator, Active Learning Strategies
PA College of Health Sciences, Faculty Development Day
August 14, 2015
Invited speaker, Amish Perceptions of Health and Modern Healthcare
Student Nurses’ Association State Convention, Lancaster, PA
November 21, 2014
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PUBLICATIONS
Submitted. Easing the transition for first-semester nursing students: A replication study. CoxDavenport, R., Guinard, M., Watson, G., Wendel, A., & Soper, C.
OTHER RESEARCH EXPERIENCE
Collaborator. (2017-present). Charles A. Dana Center at the University of Texas at Austin and
the Mathematical Association of America collaborative project. Received funding from the
Carnegie Corporation of New York to hold a convening with a partner discipline to advocate for
aligning college-level mathematics requirements with students’ programs of study.
Assistant. Mason, C.E., Sheldon, J.K., Pesek, J., Bacon, H., Gallusser, R., Radke, G., &
Slabaugh, B. (2008). Assessment of Chrysoperlaplorabunda longevity, fecundity, and egg
viability when adults are fed transgenic Btcorn pollen. Journal of Agricultural and Urban
Entomology, 25(4):265-278. doi: http://dx.doi.org/10.3954/1523-5475-25.4.265
Assistant. Stevick, R. A. (2007). Growing up Amish: The teenage years. Baltimore, MD: The
Johns Hopkins University Press.
Departmental Honors Project. (2007). Designed and performed research study: Activity of
traditional topical treatments against pathogens common in wound infections. Sponsored by
Professor Gary Emberger, PhD.
COMMITTEE MEMBERSHIP
2014-2017
2014-2017
2014-2017
2015-2017
2017-2019

2016-2019
2018-2019
2020-present
2020-present
2020-present

PA College Portfolio Committee, member
Chair, 2016-2017
PA College Systemic Plan for Program Evaluation Committee, member
PA College 3-Year BSN Curriculum Development, member
STTI Xi Chi Chapter Communications Committee, member
Finances Committee, member
STTI Psi Pi Chapter Webmaster
Communications Committee, chair
Finances Committee, member
PA College Educational Technology Committee, member
Chair-elect of Faculty Senate, PA College
Rivier University Institutional Review Board, member
Rivier University Program Review Board, member
Rivier University Writing Across the Curriculum Committee, member
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COMMUNITY SERVICE
2020-present
2016-present
2017-2019

Coordinator, Health Team, Trinity Baptist Church
Registered therapy dog team, weekly visits to nursing homes, colleges
Volunteer, Delaware Valley Golden Retriever Rescue
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